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APPENDIX L 


REPORT 

OF THE 

TECHNICAL SUB*COMMITTEE 
TO THE 

COUNCIL OF THE INDIAN ROADS CONGRESS 

FOR THE PERIOD 
December 1939 to January 1941. 

(Considered by the Council vide resolution Ho. 29 0/ ils Proceedings doled 
the zSth January 2^41 and accepted tcilh remarks at Annex VI Page sjj) 

1. The Committee, appointed by the Council at its Meeting in 
December 1939. consisted of the following members, with power to 
co-opt. 

Mr. K. G. Mitchell, C.I.E (President). 

- Mr J. A Stein. 

Mr. W. L. Murrell, o d.e. 

Mr. Ian A. T- Shannon. 

Mr. Syed Axifuddin. 

Mr. A. Laksbminaray'ana Rao. 

Mr. H. M. Dunbar. 

Mr. K. S. Raghavachary. (Secrelary) 

2. Meetings. The Committee has met five times, in Calcutta in 
April, June, September and December 1940 and in Delhi at inter\'als 
during the Council Session in January 1941. The meetings in Calcutta 
u ere convened sometimes at short notice, as the work on the Test Track 
required. A list of the members and co-opted members that attended the 
several meetings is attached. Annex I. 

3 Test Track at Majerhat, Calcutta, (i) Progress so far has been 
slow, and no definite results can yet be pronounced, because of 
(a) initial difficulties with the equipment; 

(d») the difficulties of testing surface treatments which on the road 
depend on traffic for their completion ; 

(c) the undue severity of the tests first made ; and 

(d) the necessity of stopping work during the monsoon. 

• • * nfj. Gilmore without previous es- 

■ • . , ’ ’ idia and for a purpose somewhat 

■ ■ ■ has on the whole proved remark- 

• ■ • . , ere stresses developed in certain 

parts which had eventually to be replaced and adjustments have had to 
be made to the oscillating gear to give the pitch 0! the lateral “ throw ’* 
found in practice to be the best. Changes have also been made in the test 
carts — two of them having to be fitted with pneumatic tyres. These initial 
difficulties now appear to have been overcome, but owing to the war 
demands on mechanical workshops, delays will be inevitable if further 
alterations or replacements are necessary'. 

(3) Surface treatments are, in practice, usually applied after the 
waterbound macadam has been subjected to traffic for a few weeks, so, 

*91 
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final consolidation and closing of the pores being due to this trafiic. After 
treatment, the chip is driven into the binder and the road “ surfaces up ” 
under traffic. Various devices have been tried on the test track to 
reproduce the consolidation and “ ironing ” effect of traffic on the test 
strips. The latter can now be done reasonably well but the former cannot, 
so that a surface treatment has to be applied to a more " open ” macadam 
than is often met with in practice and the test strips probably have less 
lateral support than they would in a road. We have, however, decided to 
carry out a further set of tests of surface treatment, u Inch is about to be 
started, because of the wide application of this form of construction and 
because it is better to get the equipment perfected and to obtain experience 
in its operation on the less expensive specifications before attempting 
precise tests on the more expensive 

(4) The cart-tyre load per inch width varies greatly throughout 
India from a few hundred pounds to 1.500 and more. The first tests on 
the track were made with a load of i.ooo pounds per inch width. This, 
unalleviated by the ‘'ironing” effect of lighter traffic, proved too severe 
and, aggravated by heavy rain, brought the first series of tests .to a 
sudden and somewhat inconclusive failure. The loading has now been 
reduced to 500 pounds per inch width 

(5) Surface treatment, particularly as reproduced on the test track, 
is not water-proof, and, as already stated the first set of test lengths failed 
suddenly under test after heavy rain. TJie whole of the sub-grade at 
this site is liable to become water-logged and an elaborate drainage 
system has been put in. despite which it was at one time feared that 
failure of the test lengths was due to yielding of the foundation. The 
Committee are satisfied that this was not the ease to any substantial 
degree. Even after the severe test with 1.000 pounds per inch width of 
tyre during or after the rains the settlement shown by a number of sections 
cut across the track was trifling. What set there was. moreover, may 
now be assumed for all practical purposes to have been final. In short, 
the foundations are above suspicion. Nevertheless surface treatments are 
not water-proof, the hard Pakur stone requires a considerable amount of 
hogsiu. The road crust may become water-logged after heavy rain, and 
reliable tests cannot then be made 

(6) Tests earned out. The first set of tests were commenced in 
December 1938, the test lengths breaking down during the monsoon of 
1939 reasons already given. The tests having been inconclusive, 
particulars arc not given. The work then remained in abeyance for a 
time pending a decision whether tlic Test Track should be closed during 
the wnr. When the Committee met in April 1940 it was decided to 
continue by repealing the first tests with certain modifications as 
follows:— 

(1) The pitch of oscillation on one track should remain as before at 
lO feet, tli.it on the other licing increased to 48 feet p'n order to 
ascertain the pitch most fairly reproducing road conditions). 

(ii) One rart on each track to lie loaded to 500 pounds per inch width 
oi steel tyre (edges of tyres being chamfered) and one cart to be 
mtcu with G-inch pneumatic tyres each wheel being loaded to 
1.500 pounds. 

(in’) Half tlie length with each binder and each stone to be laid with 
cold primer and half without primer. 
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(11-) The test strips to be ironed out before test by the use of pneuma- 
tic tyres only 

The stones, as before, were Pakur, Patbankot, Delhi, and Jhansi. 

These tests uere not concluded before the monsoon and work u as 
frequently stopped after it broke. There were, however, considerable 
breaks when testing could be continued and the various lengths had been 
tested practically to destruction by the end of September 1940, when the 
Committee inspected the track and recorded certain provisional findings 
[vide Minutes of the Meetiug on 30th September 1940) (Annex IV). The 
Committee decided to repeat another series of tests with certain further 
modifications and is not in the meantime prepared to report any provi- 
sional conclusions They believe, however, that the initial difficulties 
have been overcome and that valuable and reliable results should now be 
obtained. At the date of the report, the next set of tests, whicli they 
recommend, had not been commenc^ owiog to delay in the supply of new 
gearing to increase the pitcli of the throw on the second track to 48 feet. 
They hope that this will be supplied in time for this set of tests to be 
completed before the monsoon On completion the Committee will report 
the conclusions which they have reached. 

4. CorrelaUon between Test Track results and those of experiments on 
the toad. At one time the Committee recommended that the tests made 
on the Test Track should as a check be reproduced in a number of road 
trials throughout India. On consideration they feel that the number of 
variables involved, of traffic, climate, standard of workmanship and 
quantities of binder required by these local conditions, would lead to more 
confusion than correlation and they propose to limit the "control" road 
tests to that already being laid down in Delhi, and to one comparing the 
behaviour of the various primers and binders in combination with Delhi 
and Jhansi stones, under conditions as neatly identical as possible, which 
Jlr. Mababir Prasad, Chief Engineer, United Provinces, has undertaken to 
carry out at some place where the cost of both the stones is approximately 
the same. 

5. Experimental work on the Great Northern Trunk Road, Madras. 

(1) An extensive series of test lengths consisting of cement concrete, 
premixes and surface dressings with tar and with Jlexphalte and 
'Socony’ Bitumen amounllng m all to about miles were laid 
in 1937-38, nod as part of the cost was defrayed by the 
Government of India, the Committee was asked at its meeting 
in April 1940 to consider a report on these experiments and, 
in particular, the cause of failure of certain sections. The 
Committee was handicapped by being unable to inspect the 
road and could only put forward Minutes of the Meeting 
on iitb April 1940) (Annex II) certain very general 
propositions. 

(i») The width of the carriageway varied between 20 and 23 feet. 
The traffic was of the order of 1,400 tons per 24 hours with a 
high proportion of steel-tyred bullock carts. Tracking by 
carts and consequent localised wear was prominent. The lighter 
types of work, particularly surface dressing, had generally failed 
b 3 ’ 1940 ^“d the tar sections appeared to have faired worst, but 
tlie Committee were not, in view of the success of tar elsewhere. 
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prepared, on the informatioti before them, to condemn that 
material and found in general terms' — 

(n) The value of large-scale experiments of this nature depends 
very largely upon the various surfaces being adequately 
maintained until abandoned as being too expensive. At 
the end of a period of years, it would then be possible to 
estimate the total cost of each section in respect of first cost, 
maintenance over a period of years up to the time of 
replacement, and cost of replacement; 

(6) In this it is intended to keep the records upto 1943 only 
but it is suggested that they should be kept for such longer 
period as might be necessary in order to furnish a reliable 
comparison between the different specification; 

(c) Inadequate maintenance and observation of and lack of 
careful attention to experimental surfaces, are too common. 
They are due partly to lack of continuity in personnel, lack 
of systematised records nod lack of funds for maintenance. 
The latter difficulty is often due to budget technicalities. 
The Committee recommend that, as a general rule, no 
experimental roads should be laid unless special arrange- 
ments are made to reserve funds at the disposal of the 
Chief Engineer or. if necessary, the Superintending Engineer 
to ensure that everytliing which is necessary is done 
promptly. If after a year or two it appears that the 
maintenance of certain surface is too expensive, it can, on 

those grounds, be rejected • * * 

But it is not a fair trial of 
and varying first cost und<* 

the weaker specifications are maintained at the obviously 
higher cost necessarily involved in keeping them in repair. 

{d) The Committee further recommend that in such cases there 
should be prepared in advance an estimate of the annual 
expenditure necessary for maintenance and renewal of the 
various sections approved before the experimental work is 
put in hand. The siiiiisncccssarj-, not those provided 
tit the estimate, should be expended on maintenance and 
renewal as required and there should be an annual report 
of the actual expenditure compared with the advance 
estimate. 

(0 Where any experimental length is laid on a public road to 
the specification or on the advice or suggestion of the 
supplier of the bituminous or other material, the time and 
matter of treatment of the road in the course of 
maintenance and renewal should normally be decided in con- 
sultation with that supplier. The latter is clearly interested 
in proving th.it his material has stood a certain intensity of 


leading to the premature destruction of the surface. 
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(/) The Committee felt itself unable to ofTer definite comments on the 
various failures except that obviously suRgested by the very low 
'• French co-cfHcient ’* of the stone when wet which clearly 
requires constant attention and careful maintenance to protect 
the stone from direct action by the traffic during the monsoons. 

As a corollary* the Committee remarked that the possibility 
of developing the Chikrayapuram quarry might well be further 
investigated. 

(in') As a general recommendation adopted at a subsequent meeting 
(25111 January i94i)the Committee suggest 

(a) that no “ binder " or •* primer ” should be described, in reference 

to any experimental or other work, discussed by the Committee, 
by its trade name unless there is no record with the Congress 
an adequate specification of the nature of the material ; and 

(b) that all bituminous materials (including tar) used in experimental 

work should be sampled and tested so as to ensure that the 
material satisfies the recorded specifications and that departures 
from that specification arc brought to light. 

6 The use of primers tetlh surface dressing. The Committee is 
indebted to Mr. Jlurrell for reports on series of interesting tests with cold 
primers for the use before surface treatment of waterbound macadam parti- 
cularly if in poor and ravelled condition. The Committee believes that it 
is generally accepted that it is often advantageous to use a penetrating 
material which, among other things, provides a *' shaded ” adhesion 
between the surface of the macadam and the binder rather than a plane 
of cleavage. Rut iu view' of the many hundreds of miles of unptimed 
surface treatment with a ooQ>penetrating material that have given good 
service, the Committee is not prepared to say that the mechanical interlock 
betw’een binder and macadam In those surfaces would, in practice, be 
improved by the addition of a primer. Nor does the Committee at present 
believe that there is any merit, other than possible convenience of applica- 
tion. in cold primers as compared with those that have to be heated. At 
the same time they consider that Mr. Murrell's suggestions should be 
followed up and that the value of primers — whether cold or hot — should 
be further examined. This they propose to do both on the Test 
Track and on any " control " road tests made in correlation with the Test 
Track. They have also accepted an offer by Mr. Stein to devi'^e and carry 
out certain tests to this end on the JHENIDA-CHUADANGA road at 
present under construction in Bengal. 

7. Standard Specification of sites of stone Mr. I.akshminara3’ana Rao 
has pointed out to the Committee that the specifications adopted by the 
Congress do not reject " needles " and are in that respect defective. Doubt 
has also been expressed whether the specifications sufficiently accord in 
other respects with accepted good practice. The Committee (vide item 4 of 
the Minutes of the Sleeting on lith April 1940) (Annex 11 ) are investigating 
these questions but are not j-et in a position to make any recommendations. 

8. Proposals by ^fr. A. K. Dalla that certain tests should be carried 
out at the AUporeTest House and attheTestTrack. Mr. Datta’s proposals 
included the testing of : — 
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(1) Bonded brick and boulder concrele as a substitute for all concrete in 

road slabs. In this connection the Committee believe that the 
saving in cement that can be eflected by the use of stone or 
brick "plums'* is often more than offset by the extra labour, 
cost of laying, and by the risk of failure at planes of cleavage. 
This type of uork depends mainly on the ea-^e, in practice, with 
which plum concrete can be laid in actual working conditions 
and that there is no precise problem for solution by test under 
laboratory or semi-laboratory conditions. 

(2) ‘'Shaded" concrele for road slabs. (A weak mix below shaded to 
a rich mix above). In theory this proposal is sound. In 
practice its success depends upon supervision and field working 
conditions. Small scale precise tests will not, in the view of 
the committee, help. They await a report from Mr. Stein 
in due course when any conclusions can be drawn from the 
behaviour of such concrete laid on the Ranaghat-Jaguli road 
in Bengal. 

(3) "Mr. Datta also proposed that "silica cement", "village cement”, 

bamboo strip reinforcement, and "pozzolona-molasses-lime 
concrete" should also be tested. The Committee cannot 
recommend that these questions should be investigated either 
at the Test House or on the Test Track. 

9. Soil Research. At its meeting on the 25th JaDuar>’ 1941, the 
Committee, sitting with certain members, received a report-separately 
presented to the CounclI^on the progress made to date with this matter. 
The committee obser\'e that it appears that, in this matter also, progress 
has been retarded because of Uie inability of the Consulting Engineer to 
find time to supervise and stimulate tliis nork in person. This matter is 
referred to below. 

10. Seed for more adequate Organisation. 

(0 The Cormnittec feel that throughout the field of research and 
experiment there is an unfortunate lag in progress. Whether 
on the Test Track, or in rcl.ation to Soil Research, or in pursu- 
ing the various recommendations of the Committee or of tlic 
Council in a numlier of other directions, the value of the work 
of the Committee and the value of the Congress itself is being 
impaired by lack of drive. The Committee feel that its mem- 
bers give up much time and thought to the questions brought 
before it but that the transbtion of their recommendations into 
practical u«e is neglected. They understand that the time of 
tlic Consulting Kngineer is already filled and tliat he can per- 
sonally do no more than he is doing. They are, therefore, of 
the opinion tlmt it is necessarj’ to have a whole time Officer 
added to the Office of the Consulting Engineer to assist him to 
conduct and control research and to co-ordinate the experiments 
I>cing made in the different Provinces and to make llic results 
readily awil.able, if substantial progress is to be acliicved. 

(11) The Cominiltcc further consider th.nt for this work it is more 
important to select the right man than to prc-dcterniinc the 
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Rraile ami «calc of pay of the post. Trom liie Central Road 
Fund alone, about i| crorcs of rupees arc provided annually 
for road construction and precise considerations of cost should 
not prejudice the imtmrtant requirements of rescarcli and 
intelligence The qualifications necessary arc adequate ex- 
perience of practical road engineering in India (say 7 years), 
exceptional theoretical knowledge, and sound judgment. The 
terms should he such as to attract and retain the best man 
available 

(ill) The Committee recommend that tong term planning is, in pre- 
sent circumstances, impracticable, but they feel that, whatever 
the future, the results of research and experiment properly 
conducted now cannot fail to be valuable. 

II. The Minutes of the Proceedings of the Committee at its various 
Meetings are appended, Annex II to V (with the exception of the 
proceedings at the meeting on the aqOi and 25th Januarj', the substance 
of which has been incorporated In this report ; the minutes have already 
been circulated to members of the Committee. They are not circulated to 
the Council at this stage but will be printed with the Proceedings of the 
Council) 


ANNEX I. 


List of ittembers tcho atUnded the meetings of the Technical S«6- 
ConmiUec 


(a) Held on 1 1-4-40. 

1. Mr. K. G. Mitchell, c.i c. 

2. „ J. A. Stein. 

3 .. W. L. Murrell. 

4. „ Ian A T. Shannon. 

5* •. Syed Arifuddin. 

6- ,, H. M. Dunbar. 

7. .. M. E. Lloyd. 

8. C. J. Fielder. 

9- >• E. F. G. Gilmore. 

10. ,, N. N. Sen Gupta. 

11. Dr. A. N. Chowdhary. 

12. Mr. Jagdtsh Prasad. 

(^) Held on 8-6-40. 


^President). 


I Co-opted members. 
{Sectetary), 


1. Sir. K. G. Mitchell, C.I.E. {President). 

2. ,, J. A. Stein. 

3 II Ian A. T. Shannon. 

4- H. M. Dunbar. 
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5. JMr. ai. E. Eloy^. \ 

6. „ \V. J. Turnbull. 

7. „ J. R. Hannington. 

8. „ E. F. G. Gilmore. ^ 

9. N. N. Sen Gupta. 

10. Dr. A. N. Chowdhary. 

(c) Held on 30-9-40. 

1. Mr. K. G. Mitchell, c.i.e. (i 

2. ,, J. A. Stein. 

3. „ \V. L. Murrell. 

4. „ Ian A. T. Shannon. 

5. „ Syed Arifuddin. 

6 „ H. M. Dunbar. 

7. ,, E. F. G. Gilmore. \ 

S. „ K. N. Sen Gupta. j 

g. Dr. A. N. Chowdhary I C< 

10. Jlr. C. J. Fielder. 

11. „ I. N. Khanna. / 

12. „ K. S. Raghavachary. (i 

(d) Held on i6-r2-40. 

I. Mr. K. G. MitcheU. c i.E. ( 
s. J, A. Stein. 

3. „ Ian A. T. Shannon. 

4. ,, E. F. G Gilmore. . 

5. Dr. A. N. Chowdhar>% 

6. Col. G. E Sopwith. 

7. Mr. N. Das Gupta. \ q. 

S. „ W. K Asbmead I 

g. „ W. J. Turnbull. \ 

10. „ C. J. Fielder. j 

[e) Held on 25-1-41. 

1. Mr. K. G. Mitchell, c.i.E. ( 

2. J. A, Stein. 

3. „ A. Lakshminarayana Rao. 


Co-opted members. 


(President). 


Co-opted members. 
(Secretary), 


Co-opted members. 


(President). 


4- 

. W. D. Murrell. 

5- 

, Ian A. T. Shannon 

6 . 

, Syed Arifuddin. 

7- 

, Jagdish Prasad. 


. S. R. Mchra. 

9- 

M J. Vesugar. 

10. 

. H. B. Parikij. 


Co-opted members. 


K. S. Raghavachary. 
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ANNKX II. 

.A/jmh/m oJ tnftUnf^s of the Techmcat Sub-Comimltee of the Indian 
Roads Congress held om the iith Afnl 1^40 and subsequent days at i, 
Council House Street, Calcutta 

Item 1 To consider a note on the trorktng of the Test Track. The 
Committee diseu««eti the ht«tor\’ «I the test track to date and the present 
position and adjourned futther disctisston pending examination of the 
track in the afternoon 

Item 2 . To consider a note reftrctiUeced at Annex A, page 205, on the 
experimentat surfaetn^i laid on the Gteti KorthernTrunk Road in Madras 
leith notes thereon by Mr Campbell-Gray and Col Sopvtlh, pages 210 and 213 
respectively. Mr Dunbar mentioned that, on certain sections of the road 
where there is a strip of cement concrete on one side of the road only, the 
bullock carts in both directions tend to use that strip and that, therefore, 
the trafTic figures for the remainder of the road are unreliable. (Traffic 
figures are. of course, afiected in this way whenever a road js sufficiently 
wide to permit of segregation of different types of vehicle even if each uses 
Its proper sid« '•* <7— — r 

elusion that. * .... . . . • • • • ■ of 

recording sta' ' • • • ■ ’’ ■ 'oad 

being stated). ' • . " Iras 

to venfy the fact 

After some discussion the Committee recorded the following opinion: — 

(1) The value of large-scale experiments of this nature depends very 

largely upon the various surfaces being adequately maintained 
until abandoned ns being too expensive. At the end of a period 
of years, it would then be possible to estimate the total cost of 
each section in respect of (a) first cost, (b) maintenance over a 
period of j'ears upto the time of replacement, and (c) cost of 
replacement. 

(2) In this case it is intended to keep the records upto 1943 only, 

but it is suggested that they should be kept for such longer 
period as might be necessary in order to furnish a reliable 
comparison between the different specifications. 

(3) Inadequate maintenance and obser\'ation of, and lack of careful 

attention to experimental surfaces are too comnion. Tlicy are 
due partly to lack of contiiuiity in personnel, lack of systema- 
tised records and lack of funds for maintenance. The latter 
difficulty is often due to budget technicalities. The Committee 
recommend that, ns a general rule, no experimental roads should 
be laid unless special arrangements ore made to reserve funds 
at the disposal of the Chief Engineer or, if necessary, tlie 
Superintending Engineer, to ensure that everything whicli is 
necessary is done promptly. If after a year or two it appears 
that the maintenance of a certain surface is too expensive, it can, 
on those grounds, be rejected and replaced by something else 
But it is not a fair trial of specifications of different strength 
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varying first cost under the same intense traffic, unless the 
weaker specifications are maintained at the obviously higher 
cost necessarily involved in keeping them in repair. 

(4) The Committee further recommend that in such cases there 

should be prepared in advance an estimate of the annual 
expenditure necessary for maintenance and renewal of the various 
sections approved before the experimental work is put in hand 
The sums necessary, and not those provided in the estimate, should 
be expended on maintenance and renewal as required and there 
should be an annual report of the actual expenditure compared 
with the advance estimate 

(5) Where any experimental length is laid on a pubhc road to the 

specification or on the advice or suggestion of the supplier of the 
bituminous or other material, the time and manner of treatment 
of the road in the course of maintenance and renewal should 
normally be decided in consultation with that supplier. The 
latter is clearly interested in proving that his material has stood 
a certain intensity of traffic over a period of years with the 
minimum maintenance expenditure and is the party most inter- 
ested in avoiding, on the one hand, lavish expenditure and, on 
the other, star\*atioo leading to the premature destruction of the 
surface. 

(6) The Committee would be grateful if the Chief Engineer, Madras, 

could supply a few photographs of the failure of certain sections 
by rutting, for comparison with failures elsewhere 

(7) The Committee ventured to suggest that, in conformity with its 

general recommendations above, the Chief Engineer, Madras, 
might be asked to see that the repairs necessary, however exten- 
sive, are now carried out on the various sections of this experi- 
ment, in order that, as far as maj' now be possible, comparable 
results on the basis of maintenance cost, should be available. 

(8) The Committee expressed great interest in these experiments but 

felt itself unable to offer definite comments on the various 
failures except that obnously suggested by the very low "French 
co-efficient” of the stone when net which clearly requires cons- 
tant attention and careful maintenance to protect the stone from 
direct action by the traffic during the monsoons 

As a corollary the Committee remarked that the possibility 
of developing the Cliikravapuram quarrv might well be further 
investigated. 

(g) The Committee further decided that, if possible, its next meeting 
should be held at Madras as Members nould nelcorae an oppor- 
tunity of personal inspection and discussion of this important 
experiment with local officers. 

Item 3 . To consider Mr, A. K. Dalla’s proposals for certain tests to be 
carried out at the Test House and on the Test Track. Mr. Datla’s proposals 
fall under the foUouing heads: — 

(i) Substitution of bonded brick and boulder concrete roads for thick 
cement concrete roads for the sake of economy. The Committee 
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considered that in view of recent developments of thin concrete 
crusts on sound waterbound macadam ba^cs, Mr. Datta's propo- 
sal had no application to that case which is at present the most 
common in which cement concrete is being used. 

As regards laying of boulder concrete on an earth subgrade. 
Mr. Murrell stated that in his opinion the volume of plums used 
could not exceed lo per cent of the total volume and that, there- 
fore, the saving was negligible in proportion to the difTiculties. 
Mr Syed Arifuddin also remarked that he had found great 


As regards brick bonded concrete, Mr Dunbar reported that 
a length had been laid in Baroda State at Navsari and, he 
believ’ed, on an earth subgrade. The Committee decided to ask 
for particulars* of that experiment. 

(2) Application of vseak cement concrete hardeiuii at the surface. The 
Committee considered that, for reasons above-stated, 
“ shaded *' concrete would have no application in the case of 
slabs laid over old macadam. As regards this specification laid 
over an earth subgrade, Mr Stein promised to furnish informa- 
tion m due course about the behaviour of a section recently 
laid on the Ranagbat-Joguli road. Careful records of cost and 
specifications bad been kept and when some records 0! behaviour 
were available, particulars will be supplied to the Congress. 

In this connection Mr. Murrell mentioned the question of 
rolled concrete and the Committee decided after some discussion 
that there were other more important matters to be pursued at 
present. It was generally agreed that rolled concrete does not 
give a good riding surface and is more suitable for the founda- 
tion of a two-coat concrete road or in the case of a road to be 
covered with some black top. 

(3) Application of silica cement and '^village cement “ The Committee 
considered the note by Mr. Chowdhary, which is reproduced at 
Annex B page 217, and decided that the quality of "village 
cement” must necessarily vary according to the quality of the 
local clay and that no centralised experiments with selected mate- 
rials were likely to give any valuable indication as to the possibi- 
lities of manufacturing "village cement" at different places The 
Committee was further of the opinion that any form of road 
surface is, in India, subjected to extremely hard and intense 
wear and that the variable nature of "village cement” would 
render it unreliable for use in a wearing surface, whereas, as a 
foundation, it might not have any definite advautage over weak 
cement or even rammed lime concrete. 

As regards silica cement, the Committee felt that the use of 
this would open the door to the adulteration of cement by the 
addition of silicious material and were not convinced that the 
manufacture of this material, which is used in other countries 

•These particulars hate since been received and arc reproduced at Annex Y*’ 
pages 233 and 234. 
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mainly for marine purposes, would be likely to contribute to the 
advance of road construction. 

(4) Application of Bamboo strip reinforcement. — The Committee did 
not consider this matter, which would require elaborate treat- 
ment of bamboo, to render it impervious to water and free 
from volume changes, to be north pursuing. 

(5) Application of puzzolana molasses lime concrete to road construc- 
tion The Committee did not consider that lime concrete in 

any form would furnish a suitable all purposes road surface and 
were not prepared to recommend any investigation 

Item 4 . — To consider an amendment to the Standard Specification* for 
sizes of stones, vide memorandum at Annex C, page 219. — It was pointed out 
that the normal method of screening stone on road work was by inclined 
screens. A grading analysis made on such screens would depend 
considerably on personal element and the thoroughness with 
which the screening was carried out. The Committee decided 
that any standardization must be based on ordinary small-scale 
sieving through a hand sieve, shaken generally horizontally and that this 
should be clearly stated After considerable discussion the Committee 
further decided not to record any recommendation regarding the 
correlation of the standard sizes determined by this method and the 
results obtained from road side screening on inclined screens 

(2) The Committee were unanimously of the opinion that standard! 
zation of stone sizes m India is essential for tlie purposes of definition sc 
that all members of tlie Congress would refer to and understand references 
to stone sizes by a standard definition In attempting, however, to extend 
this elementary requirement to a standard specification, including 
tolerances as to maximum length and minimum thickness, difficulties at 
once arise, since any specifications which would result in the rejection of 
aggregates at present being used, and successfully used (not so 
much on merits as m an attempt at standardization) would be ignored 
and be useless 

Subject, therefore, to further exaniinatton by the Committee at its 
next meeting and to tests to be carried out on samples in actual use both 
by the Test House, and on ivorks elsewhere by local officers, it was 
suggested that the following additions to the Congress specification be 
considered : — 

(a) The definition of sand should be deleted and the low-er limit 
for f inch standard size chip be changed from ^ inch to 
i inch. 

(b) For all sizes, not more than 20 per cent shall exceed in its 
greatest^ length times the nominal size and no stone shall 
e.xcecd in its greatest length tw’ice the nominal size. 

(c) No stone shall be less along its shortest dimension, for a width 

exceeding one-third of the length or width measured at right 
angles to the sliortest dimension, than 0*4 times the nominal 
sire. 


• I ide 17C and 177, rrocecdiii;; of the Intliuti Jto.'ids ContTca^, Vol. II. 
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(i) The foUotvmg Table of Comparison of round and square meshes 
to be added to the definitions for the purpose of reference. 


Circular openings which correspond closely to square screen are 
given below 


specified 

opproximatcly to sq 

7/8 inch. 

X inch. 

3/4 inch. 

7/8 inch. 

5/8 inch. 

3/4 >nch. 

1/2 inch 

5/8 inch. 

3/8 inch 

1/2 inch. 

1/4 inch 

5/16 inch. 

3/16 inch 

1/4 inch. 


NOTE. — These definitjons will require very careful consideration and 
wording. The foregoing purports to express the intention of the 
Committee 


Item 5 Considered Mr. MurreU’s Report on (rial use of primers, 
vide Annex E, pitge 22t. 

(1) The Committee expressed their appreciation of the prompt- 
ness with which Mr. Murrell had carried out this investigatiou and 
expressed the opinion that the use of primers was likely to be most 
beneficial. They noted that Mr. MutteU intended to construct nine miles 
of cold primed surface treatment and suggested that much useful informa- 
tion would possibly be obtained if Mr. Murrell were to lay as a control 
check on his different speciScations and in different places throughout 
this length, a number of short lengths using the binder without primer to 
the heretofore accepted speciheatiod. with careful records. It was also 
decided to try out these primers on the Test Track. 

(2) The Committee accepted Mr. Murrell's further suggestion (Annex 
D, page 220), that the Congress standard nomenclature should be further 
extended to include definitions of many more terms now in common use in 
road work. Mr. Murrell will make suggestions accordingly for reference to 
the Committee by correspondence. 

Item 6. Test Trach. The Committee recommended as follows : — 

(il The W’ork on the Test Track should be continued. 

(2) T*-* ^ • . .eatments which 

. ■ ■ • effects of distri- 

. ■ ■ . . ■ ■ other specifica- 

! ■ • the tests pre- 

viously made* — the object of which is to determine the relative 
behaviour of different types of chips with different types 
of binder — should be repeated with the following modifications 

(a) To start w ith, the tests should be run with one cart of each 
set on the bullock cart type wheels and the other on 
pneumatic bullock cart tyres. The bullock cart ivhecls 

• I'lrfe Specifications pages 20 to 23of Appendix I, ProoeedinRs of the Indian - ’ 

Congress, VoLV. 
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The 3" asphalt carpet laid over the bridge at M. 10/7 was directly 
laid on the Reinforced Concrete Deck- 

The longitudinal and cross sections were first taken to enable the 
surface being made up to specified gradients and levels but during execu- 
tion this was found costly and difficult to adopt. The surfacings generally 
followed the existing contour finished true to a straight edge about 10 feet 
long along the road, the nse or fall not exceeding 1/4" in 10 feet. 

The original waterbound macadam not being straight in straight 
reaches and not curved in bends, the alignment of the new surfacing was 
set out neatly and the foundations and subgrade made up as neces- 
sary with extra metal. 

7. Width and nature of sub-grade. 

{a) For surface dressings, ag'-o" width was generally adopted, the idea 
being that the i'-6' extra on their side of the 20' wide surface 
would serve to prevent the edges breaking off. 

[b) For bituminous carpets, the subgrade was 20 feet and carpets 
also 20 feet wide. 

(c) For concrete, the subgrade was made 21 feet, and the pavement 
20 feet, the extra 6' on either side serving as a base for forms. 

The subgrade in all cases was first class granite melal waterbound 
macadam blinded uith gravel slurry. The subgrade except in places 
where '* Cement Concrete sand-insulated ” was provided was ironed out 
under traffic for 4 to 6 weeks for effective consolidation. 

8 . Camber of Stibgrade and Surface. The camber of the subgrade 
was generally the same as the surface except where varying thickness of 
surfacings were required. The different cambers adopted are described in 
•Chart R. D. No 18/36 and connected draivings*. 

g. ParlKulars and CosI 0/ Snr/actHos. *Chait F. N. bio. 22/1940 
read with •Chart R. D. No. 18/38 furnishes full particulars regarding 

(а) Location, length, width and area. 

(б) Depth of subgrade, 

(c) Type of surfacings and section. 

(tf) Date of commencement and completion. 

(e) Materials used. 

{/) Actual cost per 100 sq. ft. with and without leads. 

(g) .\verage volume and intensity of traffic per 24 hours from April 
to September 19^. 

(A) Remarks regarding the present condition and repairs carried out etc. 


• Not ri’iiroJiicMl. 




Pte«cutcd by the Indian Roada Conpress ns first prire for tbcbcst pair of Bullocks exhibited at the last 
All- India Cattle Show, Delhi, 1941, to Phoolo, s/o Shndi of Paniar, Ifohtak District, for class 34 : 
Harinna psur of Bullocks. 
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The s' asphalt carpet laid over the bridge at M. 10/7 was directly 
laid on the Reinforced Concrete Deck. 

The longitudinal and cross sections were first taken to enable the 
surface being made up to specified gradients and levels but during execu- 
tion this was found costly and difficult to adopt. The surfacings generally 
followed the existing contour finislied true to a straight edge about 10 feet 
long along the road, the rise or fall not exceeding 1/4" in 10 feet. 

The original waterbound macadam not being straight in straight 
reaches and not curved in bends, the alignment of the new surfacing was 
set out neatly and the foundations and subgrade made up as neces- 
sary with extra metal. 

7. Width and nature of suh-grade. 

(а) For surface dressings, 23'-o‘' width was generally adopted, the idea 
being that the r-6' extra on their side of the 20' wide surface 
would serve to prevent the edges breaking off. 

(б) For bituminous carpets, the subgrade was 20 feet and carpets 
also 20 feet wide. 

(c) For concrete, the subgrade was made 2I feet, and the pavement 
20 feet, the extra 6'' on either side serving as a base for forms. 

The subgrade in alt cases w'as first class granite metal waterbound 
macadam blinded with gravel slurry. The subgrade except in places 
where “ Cement Concrete sand-insulated " was provided was ironed out 
under traffic for 4 to 6 weeks for effective consolidation. 

8. Camber of Subgrade and Surface. The camber of the subgrade 
was generally the same as the surface except where varying thickness of 
surfacings were required. The different cambers adopted are described in 
*Chatt R. D. No 18/36 and connected drawings*. 

g. Parltculars and Cost of Sxtrfacings. •Chart P. N. No. 22/1940 
read with •Chart R. D No. 18/38 furnishes full particulars regarding 

(а) Location, length, width and area. 

(б) Depth of subgrade. 

(cl Type of surfacings and section. 

(tf) Date of commencement and completion. 

(c) Materials used. 

(/) Actual cost per 100 sq. ft. with and without leads. 

(g) Average volume and intensity of traffic per 24 hours from April 
to September 1938. 

(A) Remarks regarding the present condition and repairs carried out etc. 

• Not reproduced. 
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Detailed Remarks, 


10 (t) Socony Ciil-back M. 4/5-600 to M. 51 and 13/0 to 

M. 13/2. 

The following cut-backs were usctl : — 

(1) Liquid A'phall No 2 | 

(2) Socofix. > For surface dressing 

(3) Socofalt. 1 For carpet. 

The surfacings laid from M. 4/5-600 to M. 5/1 both surface dressing 
and 1* Carpet over granite metal subgrade, have failed. Proposals arc in 
hand to relay this portion with 2" to 2I* thick asphalt carpets. 

The surfacings laid from M. 13/0 to M. 13/2 over laterite subgrade 
using the above cut-back having proved .a total failure, the reach from 13/0 
to 13/2 has been handed back to District Board. 


(ii) ShaUtnar Tar Seelion. 


,, iV.j'r (0 M,sl3,M.6!4lo M.y/o. M.8/3 to M.S'y, Left half, 
Af. 9 l 5 to 10/5 and M, rr/4 to M. ii/6. 


The following tars were used (Heated to 250* to 270* F.) 


Road Tar No. i. 
Road Tar No. 2. 

Road Tar No. 3. 
Road Tar No. 3.A. 
Hivis Road Tar. 
Coal Tar Pitch. 


For surface dressing first coat and grouting. 
For surface dressing second coat. 


For carpets and sealing. 
For grouting. 


The two-coat surface dressings from M. 5/1 to M. 5/3 and M. 11/4 to 
M. 11/6 having worn considerably, are being repaired bj’ patching the 
pot-holes and deep ruts with premixed metal aud sand and providing a 
wearing course of Hivis Tar at 22 lbs. per loo sq. ft. blinded with sand 
and chips. 


The 2" Tar-crete Carpet from M. 6/4 to JI. 6/6 has been repaired with 
a seal coat of Tar No. 3-A at 20 lbs. per 100 sq. ft. blinded with sand. 


The aj", il" and 2' Tar Macadams from M. 6/6 to M. 7/0, M. 8/3 to 
M. 8/5 and M. g'7 to M. lo/i respectively require patch repairs and 
materials have been collected and repairs are in progress. 


The two-coat Tar Surface Dressings from M. 8/5 to M. 8/5-482 and 
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Detailed Remarks. 


10. (») Socony Cut-back Section. M. 4/5-600 to M. 5/1 .'ind M. 13/0 to 

M 13/2. 

The following cvit-backs were used . — . 

(1) Liquid Asphalt No. 2. | 

(2) Socofix. > For surface dressing 

(3) Socofalt. i For carpet. 

The surfacings laid from M. 4/5-600 to M. 5/1 both surface dressing 
and i' Carpet over granite metal subgrade, have failed. Proposals are in 
hand to relay this portion with 2" to 2I' thick asphalt carpets 

The surfacings laid from 13/0 to M. 13/2 over laterite subgrade 
using the above cut-back having proved a total failure, the reach from 13/0 
to 13/2 has been handed back to District Board. 


(ii) Shalintar Tar Section. 


M. 5!i to M. 5/j, M. 6j4 to M. 7/0, M. 81 ^ to M, Sjj, Left half, 
M. 9/5 to M, lojs and M. 11/4 to hf. iti6. 


The following tars were used (Heated to 250*^ to 270® F.) 

Road Tar No. i. For surface dressing first coat and grouting. 
Road Tar No. 2. For surface dressing second coat. 


Road Tar No. 3. j 

Road Tar No. 3-A. [ For carpets and sealing. 
Hivis Road Tar. ) 

Coal Tar Pitch. For grouting. 


F 

and chips. 


5/1 to M. 5/3 and M. 11/4 to 
emg repaired by patching the 
1 and sand and providing a 
r 100 sq. ft. blinded with sand 


The 2" Tar-crete Carpet from M. 6/4 to M. 6/6 has been repaired with 
a seal coat of Tar No. 3-A at 20 lbs. pet 100 sq. ft. blinded with sand. 


The 21', il" and 2' Tar Macadams from M. 6/6 to M. 7/0, M. 8/3 to 
M. 8/5 and M. *9'? to M lo/i resp«tively require patch repairs and 
materials have been collected and repairs are in progress. 


The two-coat Tar Surface Dressings from M. 8/5 to M, 8/5-482 and 
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M. 8/6 to M. 8/7, left half, have developed pot-holes in wheel tracks. 
Arrangements have been made to repair these also. 

The Tar-Pitch grout from M. 9/3 to M. 9/7 is not so durable as it 
originally appeared to be. Arrangements have been made to patch repair 
this surface also. 

The excess wear in Tar Carpets is due to the low attritive value of 
the Pallavaram stone, which does not near in Asphalt carpets and 
concrete. 


(irt) Burmah-Shell Asphntl Section- 

W. 5/3 to JI. 6/4. M. 8/1 to M. 8/3, Left half, M. g/i to M. 9/5, 
11. 10/3 to M. 10/7-165, and M. 11/6 to M. 12/0, 


The following binders were used.— 


llexphalte. 10/20, 
20/30 

Shelmac B. S. 

Colas. 

Colas Mix “A”. 
Spramex. 8o/roo 
Shell Primer No. i. 
Shelmac S. 110/150. 


For Hotniix 
For Grouting. 

For Sliclcrete, Shelsheet, and 
Shelmacadam. 

For Armour coat, Surface Dressing 
and Sealing. 

For Colasmix "A” Premix. 

For Surface Dressing and Sealing. 
For Surface Dressing. 

For Scaling. 


The Hotmix asphaltic concrete from M. 5/3 to M. 5/4 is standing 
very well and is the best asphalt surface laid The costly plant required 
for this work makes it difficult to use this type except close to cities. 

i" and 2" SJielcrele from M. ^f4 to M. 6/4. Partly due to excess of 
asphalt and the bad weather during execution, wheel tracks and depressions 
had developed. These have been repaired by cutting and re-using the 
old materials adding necessary aggregates to utilise the excess asphalt. 
The surface after repairs is In a fair condition. 



carried out to depressions and pot-boles. 

3" Shelmacadam from M. 20I3 to M, 10/6-230, Tin's is the best 
macadam laid. 

3" MexphaUe grout and 3" Colasmix "A” Premix, over bridge 
and its approaches from M. xof6-250 to Af. TOI7-163. These carpets are 
standing well. 

Spramex Surface Dressing on Primer from M. II J6 to M. 11I7. No 
advantage by using a primer, the surface being inferior to single coat surface 
dressing. This surface has been patch-repaired. 
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Spramex Surface Dreising Single coat, from M. XTjy to M. i2lo. The 
best surface dressing laid on the road, though patch-repaired. 

Edging for Asphalt and Tar Carpels. All asphalt carpets have 
been provided with suitable granite, cement concrete or laterite 
edgings. No edging is provid^ for Tar Carpets. Experience shows 
that Tar Carpets also requite edging. Granite stones are the best 
material for edging carpets near Madras. 

(iv) Comhintd Shalimar Tar and Burmah-Shell Asphalt Sections. 

M. Sjy to M. 9// Left half. The two-coat surface dressings, first 
coat with Tar and second coat with Spramex or Colas, though better 
than two-coat Tar Surface Dressings, are not very satisfactory. 

C Ilf 


All concrete surfacings are standing well, except the rolled concrete 
from M. 7/2 to 7/3-330 which is wavy. 

No appreciable difference Is seen between Nilgiri ordinary cement 
and Sbahbad rapid hardening cement pavements. 

The cement macadam surface from M 11/3 to 11/4 is not as uniform 
as the cement concrete surface hand-tamped 

No difference is seen in behaviour between cement concrete 
base-bonded and cement concrete sand-insulated. 


IX. Metal berms. Metal berm. S'-O* wide generally, on either side 
of surface has been provided to protect the edge of the surfacing and serve 
as a useful addition to the road width for occasional use 

12 Maintenance of records. The works were commenced on 
1-7-37 completed by about the middle of May 1938. The surfaces were 
maintained by the respective contractors till the middle of November 
1938 when they were handed over to the Department for maintenance till 
31-3-1943- Full records of experiments are being kept m the standard 
form recommended by the Indian Roads Congress. The condition and 
behaviour of the surfacings, their maintenance with details and costs, 
particulars of traffic and other details will duly be recorded till March 1943. 
for comparing properly the merits of the different types and deciding 
which of them are suitable, considering their first cost and cost of 
maintenance. 
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NOTI? BY MR. T. CAMPBKr.L-GRAY. 

Siutmmriscd Notes on ]<)x{>orimciitnl Seal Coals \sith Sliallinar Tnr 
after 9 months service. 


1. These cxperinicntnl surfaces were laid in March 1939 with the 
permission of the Madras Bnblic Works Department at Mile 6 6 where llic 
adjoining surfaces ucre 2* Tnrcrcte and 2j' Tar I’reinix Carpet. 
Reference to plan attached, p.agc 212, will furnish complete rietailsof cacli 
experiment. 

The cause of the unsatisfactory hclnvionr of the ^vearing course 
on certain tar sections, iiarlicularly those stirf.icc-drcsscd, having been 
examined constructively in detail, the pur|H)sc of the experiments was to 
iuvesligale tlic hcliaviour of stirfacings laid to specirications considered 
more likely to suit the loc.il aggrcg.itos and existing conditions. 

2. The experimental stretches were 12 in mimbcr and comprised 
of the following: — 

(fl) Premtxfil SfiU. 

With and without spot priming. 

Unit (piantity of tnr for prcmixiiig sand varied. 

Five IJxperimcnls .—'A', 'B', 'C'. * 1 /, and ‘M’. 

[b) Ligiiiil St>il‘-Tttr>Saiid and Tar'Chify^Sani, 

Two JJxpcfimcnts *D’ and * 15 ’ 

(c) Tar Mals~{Thin Torcrete). 

Spot priming with varying unit quantity of tar; 

Grading of chips also varied. 

Five Kxperiments ‘F‘, ‘G’, ' 11 ', *J* f*nd *K*. 

See page sia for full Speci^cations. 

3. liesuUs esfablished al date, 

(i) There appears to be n marked advantage in using High 
Viscosity (IHvis) Tnr for siirfacings, over oilier grades. 

(li) Spot priming with Hivis at not less than 6 lbs. per 100 sq. ft. 
followed by pretuixed chips and sand, produces an csccUctvt 
wearing course with the local aggregates which on Heavy and 
lyight Traffic sides shows no w'enr nt date. 

(iVi) Specification ‘F' is considered the most satisfactor>*. The sur- 
face is mosaic but if n still smoother finish is required, otlicr 
experiments indicate n slight increase in the unit quantity of 
spot priming will give this. 
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(u’) Specifications 'G’, *H’ and *J' are also quite satisfactory at date 
as niiglit be expected on account of their close similarity to 
Specification 'F‘ whilst Specification *K' shows clearly by the 
surplus tar on surface and uneven wear that i8 lbs. tar per 
100 sq. ft for spot priming is too much. 

(r) The Tar-Sand Seal (Specification *D’) is exactly the same as given 
to the 2 furlongs of 2' Tarcrete and whilst satisfactory it must 
he borne in mind its application is limited as it gives no facility 
to rectify unevenness tn the road surface. 


4 Reasons attributed for successful results ohlamed 

Hivis Tar was not used for any of the wearing courses of the original 
surfaces because at the time these c.xperimenlal surfaces were laid its 
suitabilit}' during a Madras hot weather had not been established. Since, 
it has been found that even when used for a liquid seal with sand or sand 
and chips, it has given good results. 

The excessive w ear on the second coat of the tar surface-dressed 
sections was undoubtedly mainly due to the chips having crushed badly 
and the provision of cushioning by means of mixing sand with chips, as has 
been done in the present experiments and as recommended by the General 
Manager to this Company ( Col. G E Sopwith's Note* on Great 
Northern Trunk Road Experiments— Slialimar Tar Section— of 9th 
February 1939, ) has definitely proved advantageous. 

It may be argued that the period the present experimental surfacings 
have been under traffic is msufficient to draw conclusions but it must be 
recollected that the original wearing courses on the surface dressed sec- 
tions are reported to have shown excessive wear within a short time of 
laying The small areas constituting the experiments may also be consi- 
dered insufficient to permit of reasonable judgment being made but 
from the knowledge gained of the behaviour of the original surfacings on 
the Great Northern Trunk Road and from results obtained since, to Speci- 
fications revised on the basis of that knowledge and applied elsewhere, 
we believe the results, so far obtained, will be maintained and we 
recommend with confidence that a wearing course to Specification 'F' with 
possible slight variations to suit local conditions will restore the surface of 
the tar sections and provide a lasting wearing mat. 


*Xot reproduced. 
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Experimental Seal Coats with Shalimar Tar — Eaid Jfarch 1939. 
Traffic allowed — i to 2 days after completion. 


G. Tar Mat. 

Spot Prime Hivis at 4 lbs. 
per % sft i to chips 
premixed with Hivis at 4 
lbs. per eft. Sand premixed 
at 7 lbs. per eft. Spread at ^ 

6 cft.per*osft. Consolidated. J 

H. Tar Mat. I 

Same as above but 10^ ^ 
lime filler added by vo- \ 
lume *! 

J Tar Mat 

Spot Prime Hivis at 4 lbs. t 
per % sft J to 1/16 chips 
premixed with Hivis at 4 
lbs per eft Sand with lime ^ 
filler premixed with Hivisai ; 

7 lbs per eft Spread at: 2j \ 
eft. chips, li eft sand and • 
^ eft. hme per % sft. 

K. Tar Mat. ^ 

Spot Pnme Hivis at 18 lbs. 
per % sft £ to i chips pre- » 
mixed with Hivis at 4 lbs. 
per eft. and sand at 7 lbs. 
per eft. 4 eft. premixed 
aggregate spread per % sft. 1 
Consolidated. ^ 

L. Premixed Sand. 2 

Spot Prime Hivis at 4 lbs. 
per % sft. Sand premised 
with Hivis at 7 lbs. per eft 
and spread at 4 eft. per % 
sft. Consolidated. 

M. Premixed Sand. 

Spot Prime Hivis at 4 lbs. 
per % sft. Sand with 10^ 
shell lime (by volume) pre- 
mixed with Hivis at 7 lbs. 
per eft. and spread at 4 dt. 

% sft. Consolidated. 


||, 

w, 

TJ I 
V! ' 

i'S: 


P‘2 




Tar Mat 

Spot Prime Hivis at 4 to 6 
lbs. per % sft. J to J chips 
premixed with Hivis at 
3J lbs. per eft Sand 
premixed at 6 lbs.. 4 eft. 
chips and 2 eft. sand sp- 
read per % sft. Consolidat- 
ed. Pmished with pie- 
mixed sand at } eft per 
*0 sft. 

Tar-Chlp-Sand 
Hivis poured at 20 to 22 
lbs per % sft x\ eft 
claps and ij eft sand 
spread per 100 sft. 
Tar-Saod. 

Hivis poured at 20 to 22 
lbs. per % sft. Sand 
spread at 3 eft per % sft 
Premixed Sand. 

Sand premixed with Hivis 
at 3 lbs. pet eft. and 
spread at 4 eft per % sft 
No priming Coat. 

Preraixed Sand. 

Sand premixed with Hivis 
at 7 lbs. per eft and spread 
at 4 eft. per % sft. 
Premixed Sand. 

Sand premised with Hivis 
at 6 lbs per eft and spread 
at 4 eft. per % sft. No 
priming coat. 


No'e . — The roller used for the above experiments was a one-ton hand roller. 
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NOTE BY COLONEL G. E. SOPWITH 
Great Nortliern Trunk Road Experiments 


(I) S«^5«/ioHS i« igjg In a Note dated SUi February 1939, written 
after an inspection of the various experimental Road Tar Sections, I set 
forth my personal vietts on the causes of partial failure of certain sections 
and the action which I considered would correct them. 


The three methods I advocated were •— 

(fl) Sand and chips (instead of chips only). 

(6) Liquid Seal with sand blinding. 

|c) Pre-mixed sand mat. 

The last-named I nished done on a very small scale as an experiment 
pure and simple. It was not successful since it rolled up under traffic I 
am not satisfied that a modified specification for this type of work would 
not be successful but in view of results, the Great Northern Trunk Road 
in present circumstances is not the place on which to continue experiments. 

The other two suggestions, however, came very much into practical 
consideration The idea of chips and sand was to create cushioning as a 
guard against the obvious attrition and abrasion that was going on. 

I expressed my 1 -v.— s— — — - 1 jq 

be the greatest evils, < uid 

seal with sand blinc tnd 

' chips from direct contact with the iron tyres of bullock carts. 

The objection made to this wras that some of the surfaces were 
not then even-riding and that .«i3nd alone would not level them up. 
I, therefore, advised a trial with both methods and was under the 
impression that it was agreed that, after visual examination of results 
for a month or two, the whole of those portions of the road 
surface which were show’ing stone or chip wear, would have a chip and sand 
or a liquid seal and sand treatment, as results of experiments might deter- 
mine, applied and that any further surfaces, that might later on show 
wear of this type, would be similarly treated. 

On inspecting the road in March 1940, I found, however, that, though 
the expeiitnenis as suggested were earned out in March 1939 over a total 
length of 60 feet on one half and of 121 feet on the other half {ude 
page 212), nothing beyond patch repairs had been done to the section 
surfaces as a whole. 

It is definitely unfortunate that I misunderstood the intention, as I 
expected, when re-visiting the road, to find the whole surface treated, 
whereas naturally much detenoration has also occurred in lesser or greater 
degree on certain other sections making the problem of overcoming the 
defects now more difficult and more expensive. 
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(2). Causes of partial failure. Before discussing remedies I should 
like to give my views on causes. They must necessarily be to some extent 
hypothetical as certain data are indefinite. 

(i) As regards surface treatment, the climatic conditions at the time 
were abnormal and very wet. I understand that the time 
factor was regarded as pressing but this is no excuse for us if we 
allowed such work to proceed before the road was thoroughly 
dried out. If this was a fact, sufficient penetration would not 
take place; the first coat instead of binding the crust into a solid 
mass would form little more than a film on the surface and the 
waterbound metal below would, under the heavy traffic, 
almost certainly be free to move and to disintegrate and lose 
mechanical interlock. The surface would then break, dust get 
in and serious rutting occur. Such rutting certainly occurred 
in mile 5 and the suggestion here given may be the explanation. 

Be that as it hiay, it was visually obvious in February 1939 
that the chips of the second coat and many of those of the first 
coat in the traffic lanes had crushed into sand; in other words, 
the chips needed support and protection against this tendency. 

(11) As regards carpets. I am of opinion that the specifications should 
have been modified. 1 am not using this as an excuse but as one 
probable reason for any partial failure that has occurred and 
solely in order to clarify the position and so to see the best way 
to effect remedies. When the draft specifications were made out, 

I understood, wrongly as it turned out, that the stone was of ex- 
cellent quality and not brittle or unduly subject to abrasion or 
attrition. 

Had I fully realised its real characteristics, I should have 
included filler in the premixing of the main body, sand with 
chips for the topping and a liquid seal with sand for the final 
surface treatment. 

But more serious than that is the probability that wrong tem- 
peratures were at times worked to and that the mixing was not as 
scientific as it might have been. Improvised apparatus instead 
of mechanical mixer was used and this led to a want of unifor- 
mity iu batches of mix. I am informed that on one occasion at 
least, the contractor was not only heating the aggregate before 
heating the Tar, but pouring the Tar in cold on to the heated 
aggregate and then heating for 20 minutes or more to get a 
thorough coating. As this occurred with high viscosity Tar, the 
result could not be satisfactory, and if it occurred often, it 
would account for many unsatisfactory signs which I found in 
disintegrated portions and in sections cut out of the road. 

This seems to indicate that mechanical mixers are very desir- 
able for large works of this type. 

(3), Remedies. Turning to remedies for the existing state of affairs, 
tlie difficulties have, as already stated, been greatly increased by large 
scale action not having been done before the last monsoon. 
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It is an axiom, both with surface treatment and carpets, tliat iminc- 
diale action, when repair to even the smallest area U vbnally necessary, 
should be taken. I*ailure to do this, certainly as far as thin carpets ate 
coBcerned, may lead to fairly rapid deterioration and even eventually to 
breaking up and the loss of the whole investment. 

Ruts and pot-holes arc the first items to deal willi, and these, I found, 
were being repair^ correctly with ptemixed chips and .sand. This having 
been done, there remains the general surface itself. >Ir. Campbell-Gray 
advocates a spat prime coat with pre-mixed chips and sand {Specification 
•F’ vide his note). 

I agree after inspection that the result has proved satisfactory after 
12 months wear (it was laid in March 1939} but I noticed that the chips 
were definitely, if slightly, abrading and am sure that to get a lasting 
result a liquid seal with sand should also be applied 


This is obviously expensive I think, however, iu such experiments 
that what is required is a solution for the future regardless of comparative 
costs If a solution is found it is easy to calculate what the cost would 
be were the work to be carried out de novo to a specification which would 
incorporate the methods proved successful and the cost of which would 
obviously be considerably less than that of a carpet completed to a speci- 
fication faulty in the local conditions prevailing plus what amounts to an 
additional thin carpet 

If the surface of the road after filling tlie ruts and pot-holes is 
sufficiently even, then I consider that a liquid seal with sand blinding 
should he applied over the whole surface one fortnight after completion 
of the patch repairs and I believe that to be the solution. 

If the surface is not sufficiently even, then there appears no alternative 
to applying sand and chips to even up and subsequently a liquid seal with 
sand. That I believe to be the solution and I shall be surprised if any 
further treatment is necessary before the end of the period of obsen’ation 
in March 1943 

I would, how’ever, emphasize that, I consider that, whatever is done 
should be done now to prev'ent further deterioration 

(4) Grade of Tar for final iurjacing. A point of great importance 
is the grade of Tar to be used. Mr. Campbell-Gray is in favour of Hivis 
for surface treatment in the climatic conditions of Madras I do not feel 
so confident, as its composition lends itself to the possible eventual deve- 
lopment of brittleness if in direct contact with the air. and I personally 
advise Road Tar No 3-A. Whether, if chips and sand are used, Hivis could 

t to be covered by a liquid 
■ *' on. (For the stone used 

■■■■■■* " ■ ese Notes given ray definite 

view that a liquid seal should be given and it should be with Road Tar 
No. 3-A). 
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(5) . Points in Annex A, page cos. Placed before the Committee There 

are one or two points which I wish to refer to. 

On page 207, Coal Tar Pitch is named as the material for Grouting. 
The material is actually Pitch plus Tar. This is of importance, as some 
engineer, tiirough misunderstanding, might order Pitch alone and endeavour 
to carr>' out work w ith it with disastrous results both for him and the 
manufactuier. (This has actually occurred in the past on several occasions, 
because the Indian Stores Depaitment, until I got them to alter the word- 
ing, used to put down in Iheir contracts “Coal Tar Pilch for roads”). 

At the bottom of page aoS, it is stated that “Tar Carpets also require 
edging”. This is a fact but personally I am against stone sets, concrete or 
bnck edging as it is ver^* difficult to eusure that the top of the edging will 
always be at the level of or below the surface of the ^ge of tlie carpet. 
If it is not. water will collect and. if it does not do great harm, it certainly 
is not an advantage. If there is sound ground on which to bottom it, I 
prefer, for Tar Carpets, a buttressed shoulder, mth an outer slope of 45“, 
which IS intimately incorporated with the mass of the carpet itself and 
whidi from long experience I know to be completely satisfactorj' 

(6) . General remarks —In cooclusioo. I should like to say that this 
Kote has been written in an honest endeavour to find causes and 
remedies. In my opinion, there have been mistakes in speci- 
fications and in methods and no effort to conceal them, as 
this Note proves, has been made. Without the most intensive 
thought on ever>' aspect, it is impossible to produce not only the 
remedies for present application but a specification which will not require 
such remedies, for, failures, complete or partial, are due in 99 cases out of 
100 to fault in methods of construction or application and not to the 
material itself. Each one of the specifications used on the Great Northern 
Trunk Road have proved successful elsewhere and clearly, modification of 
the specifications to suit local material and climatic conditions is all 
that is necessarj' to ensure equal success in Madias. 

Sections of the carpets and other samples are being obtained from 
Madras for Mr. Fielder to examine and analyse. If thej' arrive in time, 
Mr. Fielder will no doubt be able to give the Sub-Committee more scienti- 
fic \'iews than mine on causes. 
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ANNUX (I) n. 

Notes by Dr. A. N, Chovdkary on a paper* read by ^fr. Dalla re- 
garding "Village Cement" and "Ihgh Silica Cement" at the Sixth meeting 
of the Indian Roads Congress Bombay, ipjp. 

Two kinds of ccmcnls arc <lcscril)ctl in Mr. D.illa** paper. One of 
these he calls "Village Ccincnl** and the other he calls "High Silica 
Portland Cement". 

My comments on these two cements arc given below : — 

Village Cement. 

The method of manufacturing "Village Cement", os described by 
Mr. Datta, is not a new one. This tiicthod was used in England by 
General Sir C. Pasley for manufacturing a hydraulic cement from the 
blue alluvial clay from the river Medway near Chatham. In India, a 
cheap cement was sought to be manufacture for use in connection with 
the construction of the Idoyd Eairagc by a similar process but was found 
to be unsatisfactory A cement similarly manufactured and designated 
"Thistle” Brand cement came into the Indian market some years ngo; 
this cement w'as brown in colour and was for all practical purposes an 
artificial hydraulic lime having similar physical properties 

The chief drawback of burning such a cement at any required site 
w’ould be the unknown characteristics of the clay and the quality of the 
lime that would be locally available. 

Moreover, manufacture would have to be carried out under crude 
and uncontrolled conditions with the assistance of inexperienced staff 
The result will be the production of cements, which will be so un-uniform 
m quality as to be thoroughly unreliable for use in any engineering work. 
In this connection, it has to be remembered that the CaO and the MgO 
contents of different limes vary widely and that there is an optimum 
temperature for brushing each clay in order to develop its best puzzolamc 
properties, w'hen mixed with lime. As much care, skill and technical work 
would be necessary to produce a reliable cement of the kind described 
above as in the case of ordinary Portland cement Such cement cannot, 
therefore, be produced cheaply in competition with Portland cement, where 
the latter is readily available at a reasonable cost. 


'■ •• • , ' ' , » 1 • laboratory resear- 

■ • ■ ■ ' ■ ement", which are 

■ , ■ ' ■ le ingredients used 

and the temperature of burning, so long as Portland cement is readily 
available at a reasonable cost. 

High Silica Cement 

From the description given by Mr. Datta. it appears that the "High 
Silica Cement" is nothing more or less than a Puzzolamc cement, whose 
characteristics have already been studied 

* Vtde rrocccdinps of the Indian Itoads Congress, Yol. VI pages 1 (c) to 28 (c). 
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The important point about a puzzolanic cement is that, as stated by 
Mr. Datta, the puzzolana in the cement combines witli the free hydrated 
hme set free by the cement during setting, and forms, a linie-puzzolana 
compound; its chief value lies in the fact that it has increased lesistance 
to attacks by chemical agencies, and in particular by sea-water. Such a 
cement is, therefore, more suitable for use in marine work than an ordinary 
Portland cement. 

The various test results quoted by Mr. Datta at the bottom of page 
5 (c) of his paper should not ordinarily be comparable, as the tests described 
by Scott and Granville were obviously carried out in a colder country. 

Moreover, such tests are usually carried out in a laboratory on 
mortars of dry consistencies, in which case unchanged or increased tensile 
strength may be obtained by substituting Portland cement by Puzzolana 
in small amounts. The effect of such substitution of Portland 
cement by Puzzolana in small amounts on plastic mortars or concretes, as 
ordinarily used in engineenug works, is to decrease the strength at the 
early ages though the ultimate strength may be higher. Such a cement is, 
therefore, unsuitable for use in making roads, where a cement of the 
rapid hardening variety is required. 

The name High Silica Cement is a misnomer. The figures for 
silica contents of cement of this type, as shoivn m the last two columns of 
the table on page 5 (c) of Mr. Datta 's Paper, are misleading in that they 
include both "soluble'' and "iusoluble" silica, the former of which only 
takes an active part in combining with liberated hydrate of lime during 
the setting of a puzzolanic cement As a matter of fact, it is believed that 
the activity of the puzzolana is due not only to its combination with what 
is known to analytical chemists as "soluble silica" but to the presence of 
alumina and also possible alkalies AlUiough the total silica content of 
a puzzolanic cement is necessarily higher than that of an ordinary 
Portland cement, only a portion of this silica and other constituents of 
the puzzolana take an active part in giving it its characteristic qualities 
It is, therefore, desirable to designate this material by its generally 
accepted name of Puzzolanic cement rather than "High Silica Cement", 
the name given to it by Mr. Datta. We may, perhaps, in this country 
call this cement "Surki cement" but I am not in favour of any change in 
the nomenclature to avoid confusion. 
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ANNEX (I) C 


It has been pointed out by Mr. A. Lalcsliminarayana Rao that a 
literal interpretation of the Standard Specifications for the sizes of broken 
stones as laid down by the Indian Roads Congress (Vtde page 177, 
Proceedings of the Indian Roads Congress. Volume II), allows long stones 
being supplied by contractors and these cannot be rejected if they pass the 
appropriate square meshes. lie suggests that a proviso be added to the 
specifications that "the stones used should be fairly cubical in size". 

(2) In this connection a typical specification for gauges of broken 
stone may be quoted from the Uritisli Standard Specification — 

''3‘inch Gau^e Broken Stone”. 

"Broken stone specified as 3*inch gauge shall all pass through a 
3-inch ring and shall consist of the following sizes expressed ns pcrcenlage.s 
by weight 

Not more than 13 percent passing through a aj-inch ring in 
every direction. 

Not less than 65 per cent over aj-inches, and not e.xceeding 4 
inches, in greatest length by measurement 

Not more than 20 per cent over 4 inches in greatest length by 
measurement". 

{3) The Technical Sub-Comiiiittcc, when recommending the present 
Indian Roads Congress Specifications, did consider the British Standard 
Specifications but thought that they were complicated by "tolerances'' and 
not suitable for India where stone was mainly hand-broken and because 
in actual practice square mesh sieves were used for grading stones. 

(4) It, however, appears, as pointed out by Mr. Rao, that there is no 
check in the existing specifications to prevent long stones being supplied 
where fairly cubical ones are intended and, therefore, it is suggested 
that the following proviso be added under the said table in Volume II : — 

"Provided that 

(a) in the standard gauges of aj, 2 and ij inches, not more than 
20 per cent of any sample shall exceed, in its greatest length, the 
standard size plus one inch, and 

{b) in the standard sizes i, f and ^ inch, not more than 20 per cent 
of any sample shall exceed, in its greatest length, the standard 
size plus I inch. 

The Committee might consider whether this is too severe or 
lenient." 
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ANNEX (I) D. 


Copy 0/ letter No. 3236 XLV. M. 5r(i), dated Muxapfarpur, the isl APril 
1940, from W. L. Murrell, Esquire, IS.E., Superintending Engineer, 
North Bihar Circle, to the Secretary, Indian Roads Congress, New Delhi. 


1 have the honour to suggest that M. E. Lloyd, Esquire, of Messrs. 
Standard-Vacuum Oil Company, of No. 6, Church Lane, Calcutta be co- 
opted for any meeting of the Technical Sub-Committee held for the dis- 
cussion of bituminous work. 

Mr. Lloyd is really filling the place of Mr. C. D. N. Meares, a member 
of last year’s Technical Sub-Committee Both Mr. Lloyd and Mr. Shannon, 
of Messrs. Burmah-Shell, assisted me in the primer experiments on which 
I submitted my report recently, tyide Annex E. page 221). 

2 I would like also to suggest that the Technical Sub-Committee 
should draw up a glossary of terms for the guidance of members of the 
Indian Roads Congress. 

e. g. 

“Priming (cold)" — Treatmentofawaterbound road, whether metalled, 
gravelled, or stabilised earth, with thin binder, 
generally cold, so that absorption is generally 
complete within 24 hours. The object is to 
penetrate the finer materials and make them hold 
the larger more securely. The use of sand or 
other fine blotter exceptional rather than the rule. 
Preparatory to other treatment. 

“Tack coat” —A thin film of binder spread over a bituminous, 
Portland cement, or other higher type surface with 
a view to providing surface adhesion for immediate 
further treatment. Penetration is not a function 
of the tack coat. 

There are a good many people still ignorant of the real meaning of 
cut-back, road oil, fluxing and cutting back oils, cleaning oils, binder, 
blinder, primer, body coat, flush seal, surface treatment, premis, drag 
brooming, drag spreading, subgrade and so on. 

Such a glossary is a logical necessity in any policy of standard- 
isation. 



ArPHNDIX I. 


221 


ANNEX ( 1 ) E. 

SMAtt. SCAtn 

TRIALS OF COLD AND SCMMIOT DITUMKN AND TAR TBIMERS, 


Exlract.—" It was thought that for dusty roads nnd for normal work on 
District Board roads a cold primer might be preferable, and 
that it would, in all cases, have the advantage of allowing the 
application of the main paint coat witliin a few hours. 
Hr. Murrell, to get trials made in Chota Nagpur with primers 
supplied through Messrs. Shannon and Fielder, and to report 
to the Technical Sub-Committee.” 


Report. 

As Mr. Meares, who has always been a strong advocate of priming, 
was absent on war duty, and as the Standard-Vacuum Oil Company was 
thus not represented in the supply of primers. I. without consulting the 
Technical Sub-Committee, collaborated also with Mr. M. E. Lloyd of that 
Company. Mr. Lloyd and ^^r. Sliaooon both attended the experiment 
and afforded the utmost assistance. 

Owing to being very busy in North Bihar, I could not go to Chota 
Nagpur , but most fortunately there happened to be an excellent road 
within a mile or so of my headquarters on which to make trials 

The portions of the MuTatlaipur District Board roads from 
Muzaffarpur to Sitamarhi were metalled as a Road Development Work. 
The metal was of Pakur stone to Indian Roads Congress size of about ij", 
consolidated to a depth of 4!’. on brick soling. Pakur stone is evidently 
a gneiss, very tough and hard, with no cementitious properties. 

Chips could, therefore, not be used solely for finishing. 

After dry rolling, the metal was blinded with a 50-50 mixture of fairly 
fine sand and Gorpa Mooram, the latter itself a mixture of weak small 
gravel and clay. 

The work w’as done in the monsoon of 1939, using a lo-ton steam 
road roller. 

Almost as soon as the dry weather started, the surface began to 
loosen and the metal began to get thrown off the road though the traffic was 
by no means heavy. Not only would the loss of the work be serious, but 
the metal cost Rs. 43 per lOO cubic feet and it must not be lost. 

So far, the District Board have been minimising the disruption of 
the waterbound bj- spreading, every few weeks, to I" of soil (North 
Gangetic silt) over the waterbound metalled st^ace. The metal is so 
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loose that one can move many pieces slightly between thumb and forefinger. 
By pushing pieces of metal from above with a small screw driver, first on 
one end and then on the other, one can make most of the metal see-saw or 
rock. In the tests described, this is called the ” rocking test”. 

This road, therefore, is quite a good example of road which is scarcely 
suitable for a direct surface treatment of hot tar or bitumen, and 
stone chips. 

A great thing about this investigation is that the results, if any can 
be arrived at, should be of considerable interest to any engineer looking for 
an earth stabiliser for kutcha roads, aerodromes, etc. A stabiliser of this 
type would have considerable recuperative properties compared with rigid 
stabilisers like cement. 

The whole series of 13 tests has been described on the chart attached 
to this report, page 225. Except where otherwise stated, the observations 
are my own 

Babu Gauri Shanker Rana, Overseer of the Muzaffarpur District 
Board gave much assistance with the work and with later observations. 

We are looking for a preparation that will sink into the w’aterbound 
surface within 24 hours or so, so that no blotting witli sand or other fine 
material will have to be done— to any extent— before the main work of 
surface treatment with chips, carpettiog, or other work cau be proceeded 
with. 


The primer must also be sticli that absorption of it must make the 
waterbound material below niucli tougher and more resistant to distur- 
bance or disruption by tralTic A little of the primer should remain on 
the upper surfaces of the pieces of metal to act as a tack coat. 

The prices at which Shell Experimental Cold Primer, and Shalimar 
Tar Primers Nos. i and 2 could be put on the market are not yet known. 
In no case do the firm interested divulge the recipe for any of the primers. 
This is an unsatisfactory condition of affairs as engineers can scarcely be 
expected to place orders unless they are enabled to give a definite speci- 
fication so that they may, if necessary, check deliveries against contract 
specification. 

General Observations as a Result of the Experiments. 

(i) Covering capacity ; — ^The rate of application was cliosen arbitrari- 
ly. Jlost of the application was done from a kerosine tin with the top 
half of one side perforated, the opposite side having a handle. Complete 
spreading was effected witli brooms. 

It seems wrtain that, for the thinner primers, Shell Experimental 
Cold Primer, Liquid Asphalt No. 2, and Socofe Primer, Tar Primer No. i, 
and perhaps Shell Primer No. 2 and Tar Primer No 2, could be put on at 
between 15 to 20 lbs. per 100 sq.{t. The lower limit is possible if moistening 
the dry road be done, also if the earth blinder is not swept out from 
between the pieces of road metal too thoroughly when cleaning (not more 
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Ihan vhal is enough to prevent the primer running off the walctbouncl 
surface owing to camfjci). 


Moistening the surface first as In G, I, and seemed to have no effect 
on the ultimate absorption andstrengtii except in the case of the tar I„ 
and even in this case the deleterious effect is very slight, if it docs 
actually exist. 

(z) Blotting or sanding resorted to on aaount of delayed absorption : — 
This was done only in the case of Ijqtiid Asphalt No. 2, tests G and II. 
Subsequent observations show that Lic^uid Asphalt is too long in being 
absorb^ to fulfil one of the main qualifications of a good primer. 


(3) Absorption : — Quick and satisfactory' results followed with Shell 
E^rimental ^Id Primer, even with heavy applications, also with Socofix 
Primer and Tar Primer No. i. 

In this connection, however, it may be pointed out that the parti- 
cular binder used— sand and niooram in this case— will probably have a 
good deal of influence. There had been rain a day or two before the 
experiment, and it may be that the clay in the mooram had not fully 
dned out. 


. , Further experiments arc really required where chips or fines only are 
during wet rolling, as in Chota Nagpur Public Works Department, if 
tjs decided to give up No i Hot Road Tar and Sami Priming ns has been 
of ® good many years. The substitution of 15 to 20 lbs. 

^ P^mer. for 28-32 lbs. of No. i Road Tar may lead to saving in 
enai costs, also the cost of heating and maintenance of boilers. 


by traffl S^fferal appearance of the surface .'—The dislodging of stones 
surface %!f- ^ requisite toughness of the primed 

fiat noticed only in sections A nnd B. It ahnost seemed 

^ 1, t *^rude kerosine. or wliatever cut-back oil was used, wns acting ns 
hke wuter, rather than as a viscous himlrnncc to distnjitlun, 


This is shown also in the "rocking test", and by the depth to which 
me primer crept along the surface of the metal — more than it pcnclrwtcil 
the sand-clay t3linder 

It is also shown in the lack of stickiness of the surface materials. 

This b a great pity as tins is a good quick primer. 

(5) i?ocAi«^ f«/:— This b, of course, a very nj>proxitnntc ctllerinii, 
and one might easily be 10 % out in a comparative test, lixeept for A 
and B, it gives fairly uniform results C, D, nnd M give tlic be^l ir«nlls, 
Evidently quick absorption and a good tough surface arc not quite / 
compatible. 
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(6) Penetration : — This also is a very approximate quantity as 
observed. In one and the same surface the depth of penetration varies 
from, say, 1/4 to 1/2 inch. It depends on the grouping of the metal and 
sand clay binder, on whether the primer lodged for a long or a short time, 
and on the depth of primer. Observations were taken half-way between 
the crown and the edge, and what was evidently the average depth over 
30 to 50 square inches was taken. 

(7) Depth to which primer crept along the surface of the metal, even 
below the level to which the sand day was penetrated : — This is taken as 
a measure of the wetting power of the primer on stone with such a smooth 
surface as this Pakur metal presents. It will be seen that the low grade 
kerosine or other cut-back used in A, B and to a less extent in E and F 
and in I and J. gives the primer high penetrating power, though, whether 
it takes a proper share of bitumen with it to effective depths below the 
surface remains uncertain. Evidently not much was taken to a good 
depth in the case of A and B, atleast. The cut-back oil in the tar 
primer, however, does not seem to act in this way. 

Two pieces of road metal from each section to show this creeping or 
wetting action, are kept with the records. 

(8) SmtfW.'— The low grade kerosine in the cut-back primer, and the 
diesel or similar oil in the other primers using it as a dux, are typical. 
Both the Bitumen Companies are apparently using the same Quxing oil. 

(q) The stickiness of the tar sections is easily superior to the others, 
but it IS really not all necessary. Any of the other surfaces could receive 
further treatment without a tack coat. 

Final Conclusion. 

The work has been very successful. For ’this particular type of 
waterbound surface it can be said, even with sucli small areas under 
observation, that Socofix Primer, Shell Experimental Cold Primer, and 
Shalimar Tar Primer No. i are all reasonably effective primers. 

Shell Primer No. 2 and Shalimar Tar Primer No. 2 are possible if 
traffic requirements allow of delay, and if the use of sand for blotting 
purposes is not objected to. 

I would like to see Liquid Asphalt No. 2 on a waterbound surface 
with different blinders. 
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ANNKK (I) r. 


Mimttes 0/ a meeting held at the Gorerntneni Test House, Alipore, on 
the i6th. January, jp^o. 


Present : 

1. Mr. E, F. G. Gilmore, Indian Stores Department, 

2. Mr. N. N. Sen*Gupta, Superintendent, Government Test 
House. 

3. Dr. A. N. Chowdharj*, Physicist, Government Test House. 

4. Colonel G. E. Sopuith. C,o Messrs. Turner Morrison nnd 
Co I,td. 

5. Mr. Ian A, T. Shannon, nurrnali-SliclI Company, Calcutta. 

6. Mr, J. A. Stein, Special OHiccr, Itoad Fund Works, Calcutta 

7. Mr, K. G. Mitchell, Consulting Engineer to the Government of 
India (Roads). 

folio ^^^'*** decided that the rvorkoo the track should non* proceed as 

(i) Loosen old surface between tracks ; spread metal to the 
original depth as before and consolidate. 

{2) Consolidate oyer the ruts before the paint coat is applied, 
with Odneh iron'tread wheels of about 3 feet diameter 
fitted to an under-carnage under two of the c.'tisting towing 
carts, the wheels being so staggered as to sweep out a track 
of approximately 10 inches each Tiie cart to be loaded to 
6.000 pounds 'giving an intensity of pressure on the wheels 
of 500 pounds per inch width. 

(3) Apply paint coats as before, but using chips only in the 
strips which will come under test ; apply say, jS-mcIi 
wide over each strip Blind the rest of the p.xint 
coat with sand and brush off surplus sand; and after a 
few days 

(4) Surface up the chips and paint coat with 6 inch iron-tread 
rollers as hefoie, starting with lighter load and gradiiaffy 
increasing to 500 pounds per inch width. 

A?. B In both cases (2) and (4) in iisin? the 6-vich iron-tread wheels. 

the carts are to be towed straight, iri/7joii< any stde throw. 

(5) Provide for use, if possible, on uadercarri.agc, 6-inch rubber- 
tyred wheels for finals surfacing up of the tracks to be 
tested In this case, it will probably be necessarj* to 
provide a little side throw. 

(6) If it is possible in time, re-arrange the gearing so as to 
lengthen the pitch of the side throw of the carts to about 
40 feet. 

(7) Chamfer the tyres on the test carts at the edges J inch by 

} inch, and round the edges also. 


226 


Appendix I. 


ANNEX III 


Prouedings of an iujormal meeltng cj the Mettibers of the Technical 
Suh-Conuntttee of the Council of the Indian Roads Congress present in 
Calcutta, held at the Test Track on Saturday the Sth June, 1940. 


The Committee carefully esammed the general condition of the 
Track which was promising of more definite results and information than 
was obtained from the preWous tests. A number of samples of the surface 
dressing were cut out in the presence of the Committee for subsequent 
extraction and sieve analysis of the mineral content The Committee 
further noted that 

(z) the latest detailed report on all sections would shortly be 
ready for their information ; 

(2) the rainfall had been negligible throughout most of the tests 
up to the sixth instant when there had been a heavy shower. 
From the beginning of the month, the rubber tj’res had been 
taken off of the test carts on both tracks and iron tyres substi- 
tuted with loading of 500 pounds per inch width. On or about 
the fourth instant, the load on the test carts bad further been 
increased from 500 to 750 pounds per inch width and movement 
of the surface dressing and the formation of cracks in it had 
commenced. With the exception of the Delhi stone, the water- 
bound macadam appeared, from the places where the samples 
of surface dressmg had been cut, to be sound and not moving ; 

(3) owing to this cracking in the surface dressing, water had pene- 
trated after the rain on the sixth and the macadam below was 
definitely wet Where primers had not been used, this appeared, 
at least with the bitumens, to have somewhat broken the bond 
or adhesion between the main body of the stone macadam course 
and the surface dressing— thus probably accentuating the 
tendency to movement in the surface dressing- The bond in the 
primed sections appeared to be better, but this was cancelled 
by the apparent shortage of binder ; 

(4) id the case of Delhi stone, the waterbound macadam had 
failed complete^' in several places. This was attributed to — 

{a) the use, owing to shortage of full-size stone at site, of 20 
per cent of it inch and So per cent of | inch stone instead 
of the standard of 75 and 25 per cent respectively; 

(b) excessive rolling of the waterbound macadam resulting in 
the rounding of the stones; and possibly 

(c) the use of excess amount of hoggin (although a large 
proportion of the finer material appeared to be stone 
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Unprimed Sections. 

(5) Subject to the analysis of the samples cut out, it appeared that 
there was so far little to choose in the behaviour of the different 
binders with Pathankot and Jfaansi stones. In both cases, there 
was an appearance of considerable dust from the crushing of the 
chips but no signs, on opening up the surface, of the binder 
having been overloaded with the resulting filler.^ In both cases, 
the surface dressing showed surface cracks and, in some, a slight 
local sloughing off of thin films of binder overloaded with filler. 
Movement of the surface dressing appeared to be more marked 
with bitumens than with tar; 

(6) In the case of the Pakur (Bengal) stone, the chip being very hard 
and tough and not easily crushed, tlie surface still presented in 
the main an open appearance and it appeared that, for the binder 
used, the chip was excessively large or excessive in quantity. 

Primed Sections. 

(7) The appearance of the sections which had been primed was defi- 
nitely inferior to those which had not been primed and shoned 
general signs of failure This was attributed not to any defective 
qualities in the primers but to the fact that, where primers had 
been used, the quantity of binder in the surface dressing had 
been considerably reduced, and the tentative conclusion of the 
Committee was that, as far as the Test Track shoned, the use of 
a primer did not enable the quantity of binder to be reduced to 
any great extent 


General. 

(8) On the outer track, the width swept out by each wheel was 
considerably less (7J inches) than on the inner (15 inches). 
The outer track bad not been tested for an equivalent number 
of revolutions to give the same amount of wear per superficial 
area as had the inner, and its appearance was generally better. 


2. The Committee decided to continue the tests on both tracks but 
to replace the iron tyres by rubber tyres on one cart on each track loaded 
to about 6,000 pounds giving a ivheel load of 3,000 pounds or about 1 J tons 
which is less than that of an ordinary 25 seater bus. 

3. The Committee decided that after completion of this set of tests, 
a further similar set of tests should be carried out after the monsoon on 
surface dressings as before, but 

(i) it no longer appeared to be necessary to use each different kind 
of chip with its owu stone in the macadam and that the nearest 
available stone, namely Pakur, should be used for the whole 
perimeter, the top or macadam coat being relaid, after stripping 
the existing one, to the full width and mthout camber; 
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{2) in view of the slight difference between the behaviour of different 
binders, it would suffice to test only two types of chips represen- 
tative of the hard and tough and the brittle, that is to say the 
Pakur stone and the Jhansi stone ; 

(3) one track would be primed and the other unprimed, the quanti- 
ties of primer and binder being determined as before upon the 
advice of the suppliers after the completion of the existing tests. 
This would give longer lengths for test than before. 

Note. — Sir. Mitchell wishes to reserve two short lengths of track of 
about 25 feet each, partly on curve and partly on straight, 
for certain special tests which he proposes to specify. (A plan 
of the track showing these and allocating the remainder to 
the different tests will be prepared and circulated in due 
course). 

The tests to be commenced in October and run continually to des- 
truction with one rubber-tyred and one iron-tyred cart on each set. 

Note.^ln \dew of the lighter tractive effort which is required than 
was estimated, it would be possible and probably desirable to 
add a third cart and to use a train of two iron-tyred and one 
rubber-tyred on each track. The loading of the rubber-tyred 
cart is less than actual loading of a normal 25 sealer bus or an 
equivalent lorr^* and this proportion would be nearer actual 
road conditions. 


Addendum. 

The Track was inspected by Messrs. Mitchell and Stein on the after- 
noon of Monday, the loth June, when one of the carts on each track had 
been fitted with rubber tyres loaded to 3,000 pounds each and had been run 
for a relatively small number of turns The effect of the rainfall of the 
previous week had disappeared and this, combined with tlie effect of the 
rubber t’"— J—,- j ♦« 

they wo ■ • . . , , . . 

It may • • . , .... 

before the monsoon and they may, therefore, have to be kept for completion 

of the test thereaf ter. The Members of the Committee present in Calcutta 

will doubtless visit the track from time to time and form their own 

impressions. 
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5. Upon the completion of the present set of tests in a fen’ days, it 
may be possible to find some correlation betn een the rate of 
wear of the 7J-inch and is-indi wide test strips. This, if 
possible, may tlirow light on the correlation between future 
tests on the I5'inch strips and the total tonnage of traffic on a 
lO'foot road. The Committee decided that it would be 
desirable, if possible, to exhibit future results in terms of the 
approximate equi\*alent tonnage per 24 hours f>lu$ the unit 
weight of carts. 

6. The Committee having read Dr. Chowdhary’s verj’ informative 
report* for the period 6-7-40 to 3-9-40 remarked ; — 

(а) that, in future, copies of these periodic reports should be 
supplied by the Congress oHice to the members of the Com- 
mittee ns soon as possible after receipt ; 

(б) that, with reference to the failure of tlie Delhi stone test 
lengths (sub paragraph (i) under "tentative conclusions”), 
the Committee wislietl to add after "smaller sized” the 
words "and partly rounded (worn)” ; 

(c) that the results so far obtained reveal, qualitatively and in 
the climate of Calcutta, no difference in the behadour of 
different stones with different binders 

7. Fuime Tests . — These should be continued for one trial more on 
surface treatment, as follows : — 

(a) Both tracks should be "swept” to identical widtlis on the 
long ^8-foot Tvave. 

(i) As before, the specifications will be hid for the test strips 
only witliTttargin, the remainder being merely sealed. 

(c) The test strips to be surfaced up by preliminary running of 
the rubber-tyred and ordinar>’ Iron-tyred carts, lightly 
loaded, to 15 indies, or r8 inches if possible. When sur- 
facing up is deemed to be satishictorj', the width "swept” 
w ill be reduced to 13 inches, or 10 inches, and the tests 
commenced. 

(d) Half the test strips to be primed and half unprimed on 
each set of tracks. With the exception of the slight differ- 
ence in lengtli, the outer tracks (A and B) are to be an exact 
replica of tlie inner (C and D) as a control. 

(#) The running of the tractors should be adjusted so that the 
total ton-trips over eadi set of tracks shall be identical 
over any periot! not exceeding one week. (The outer 
tractor will have to be started up first and continued longer 
each day). 

if) The wearing coat will be all Pakur stone. The chips used 
will be Pakur and Jliansi only. 

(g) On the inside of the end curved sections, con«olid.ition of 
the wearing coat will be against a brick-oo-edge kerb. 
After consolidation, this will be removed and replaced by a 
pre-cast cement concrete kerb, 12 indies deep and 6 inches 
wide, cast in convenient, say 3 feet, lengths ; well punned 
and supported behind. 


*\ot rcprodiiml. 
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(A) The wearing coat will be laid without camber. The inter- 
mediate coal will have to be picked up on the haunches and 
metal added to bring it up to a flat section. Where there 
are grooves, as under the Delhi stone, the same will be 
necessary. (Note should be kept of the places where the 
intermediate coat has been wholly relaid or extensively 
repaired). 

(1) Tlie quantities of materials per 100 square feet to be used 
are as follows:— 

1. Primer .. .. 23 lbs. ± i lbs. 

2. Binders, the same both with and 

without primer . . . . 55 lbs. ± 2 lbs. 

.V.B— The nbove weights of piimer and binder refer to bitumen. A 
correction to be made III the ea«c of t.ar necording to specific 
gmvity at air Tcioperatare to get the same rolume. 

3. Chips .. .. 5 cu. ft. ± 0-25 cu. ft. 

ij) As regards the blinding with sand, 15 feet on the curve of 
the 50 feet reserved for Mr. Mitchell to be placed at 
Mr. Shannon’s disposal for a test of sand blinding to be laid 
to his own specification which he will record. 

(A) The use of one Iron-tyred and one pneumatic-tyred cart to 
be continued in ea^ track. The pneumatic-tyred cart is 
to be loaded to 3.000 pounds on each wheel (total 6,000 
pounds) and the iron-tyred cart to be loaded to 500 pounds 
per inch width of tyre (total approximately 1,750 pounds). 
Lighter loadings may be used, if necessary, for the prelimi- 
nary surfacing referred to in sub-para, (c) above. Provided 
that the surfaces hold out, the tests at this load (6,000 
pounds and 1,750 pounds) are to be continued, up to a total 
of 10,000 ton-trips. 

(/) Mr. Stein will convene periodical meetings of the local 
members of the Committee to examine and report progress 
whenever the Superintendent of the Test House wishes for 
advice. 

8. The Committee received Mr. Murrell’s suggested glossary of addi- 
tional road terms and decided that individual members should 
submit their comments to the Secretary of the Indian Roads 
Congress so that a summary can be prepared for the next meet- 
ing Mr. Shannon undertook to obtain a copy of the Glossary 
recently issued by the British Standards Institution and to 
refer to this in his comments. 

9. T'’" T* •• 1- ' the question of holding the 

■ ■ ding which the Secretary is 

! •' ■ ‘The Committee favoured 

’ . , possibly at Ranchi due to 
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Minutes of I njormal Meeting of certain Members of the Technical 
Sub-Comm\Uec of the Indian Roads Congress and coopted members, hdd at 
Calcutta on the i6th December ig^o at the Test Track. 

1. Size and proportion of chips for set of tests ncm to he carried out. 
Decided for all test lengths two thirds of and one third of applied 
separately. 

2. Parallel or control tests on toads. Decided : 

(0 The tests at Delhi to be proceeded with. 

(ii) The tests at Catmpore and elsewhere not to be proceeded 
with. 

(ji'O To get controlled tests under identical road conditions with 
same standards of consolidation, etc. Chief Engineer. United 
Provinces, to be asked to carry out the following on the Agra- 
Delhi road near Agra (or some similar road where both Jhaosi 
and Delhi stones are about cqui*distant for lead). The work to 
be under the supervision of the suppliers of the binders Half 
furlong each of Delhi and Jhansi stones with and without 
primer— hot or cold — using Tar. Mexphalte and Socony. 
Metalling to be same as chips and road to be newly roetallrf 
with at least a 2j*incb loose measurement, graft coat. 

Quaulltles (a) Unprimed sections. 

Binders — 50 lbs, d= 2 lbs. 

Chips — 5 to 6 eft. 2/3rds of 5 8' and Jrd of J". 

(6) Primed sections. 

Primer — 22 lbs. ± 2 lbs. 

Binder — 40 lbs. ± 2 lbs. 

Chips ^5 to 6 cubic feet of grading as above but this 

quantity can be departed from if the supplier of the 
binder considers necessary. 

The standard records of experimental work already specified by the 
Congress and regular trafSc counts to be made. 

The length will be : — 

3 binders X 2 stones X 2 sections (primed and unpruned) 
e=i2 lengths of \ furlong each 6 furlongs. 

Consolidation to be to ordinary United Provinces ist Class 
spccih cation. 

The road to be closed to traffic from the commencement of consolida- 
tion until the whole is hnished and dried, the consolidation work being 
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kept watered so as to ensure as far as possible that all has equal moisture 
content when opened to traffic. 

The road should be opened to traffic for a fortnight approximately, 
(tlie officer iu-charge will use his judgment) and then be closed for paint- 
ing. All will be opened to traffic at once. 

Work to be done so that painting is done not before JIarch on account 
of temperature. 


ANNEX VI. 


Exliact /tom the MinuUs of the SevenUentU Meeting of the Council of 
the Indian Roads Congress held at Delhi on the sSth fanuary 1^41. 


29 Consideration of the Report* of the Technical Suh-Conmitlee . — 
After some discussion, the Council accepted the Report of the Technical 
Sub'Comnuttee subject to the deletion of the words “(say 7 years)” 
occurring on page 197. paragraph to (li) of the Report. 


ANNEX VII 


Report regarding Brick Bonded Concrete Road constructed at Navsart. 

Tlie old metalled road was observed to rut very badly and 
developed pot-holes under modern mixed traffic of bullock carts and 
motors, winch required thorough repairs ever}’ second or third year. 
In order to maintain the surface in a satisfactory condition, it was 
decided to treat a section of this road, about 1730 feet in length and 
16 feet wide on the road from Tata A. V. School to Poorna River 
Bridge, with brick bonded concrete surface, to obtain a modern surface 
at economical cost and suitable for modern traffic. 

2. The work w’as done in October, 1937. 

3. Details of brick bonded concrete road leork : — The old metal 
road surface had no proper alignment nor grade nor camber It was 
also rutted and the surface was wax*}'. At certain places, the thickness 


• Ttcff I'afW l9l to I’nse 197. 
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of metal was not enougli but the subgmde on the whole was found 
to be unyielding. Re*sectioning work with gravel and metal, therefore, 
had to be done to bring the surface to a camber of i in 72. 

The thickness of brick bonded road was inches. Bricks 9’ 
by 4I* by 3* were laid fiat after applying thick cement wash to the 
prepared subgrade, with il" wide joints alround each brick. This 
cement wash was discontinued further as expansion joints were decided 
to be kept at everj* 30 feet. The bricks were thoroughly soaked in 
water before use. About 220 bricks were required for ever\* 100 square 
feet including wastage at 10 per cent. The proportion of concrete 
used for filling up joints was 1:3:6, and mixture of gra^-el and stone 
keplcJii was used as coarse aggregate. The top thick concrete was made 
of I : 2 : 4 with coarse aggregate as above. 

Transverse expansion joints I inch thick, which were provided at 
everj’ 30 feet, were subsequently filled with sand and bitumen. No 
longitudinal joint was kept as the width of the road so treated was only 
16 feet 


Tamping, screeding, finishing and curing were done as per standard 
practices for roads The surface was finally treated with 3 coats of silicate 
of soda, i to 5, after the curing period was over. 

4. Cos/'— The cost of the re-sectioning work, including the cost of 
materials required, was Rs. a'la '• per lOO square feet The cost of 
4} indies bnck bonded road surface was Rs. 26/4 • per ico square feet 


5 Xaiarg of The traffic on this road is of n}i.v^ type with 

bullock carts, as wdl as motor lorries and buses, etc. The intensity of 
traffic per day of 24 hours is about 600 tons. 


This brick bonded road surface behaved quite satisfactorily in the 
beriaaing under this traffic, but subsequently pot-holes and cracks were 
developed No particular reasons can be attributed to these cracks but 
nrobablv they may be due to the soft subgrade or due to not allowing one 
monsoon to pass over the re-sectiooed subgrade for proper consolidation 
and Settlement under traffic. The development of pot-holes may be due to 
the part use of gravel as coarse aggregate as experience shows that gravel is 
most unsuitable for wearing surfaces. Anyhow, the surface became rather 
bad after about 2 years from its construction, and. therefore, it had 
to be treated with i-inch asphalt carpet, which work was executed in 
February 1940. The asphalt carpet is obserx-ed to wear well under 
the traffic. 


Appcndix II. 


235 


APPENDIX 11 

TOURS AND OTHER EUNCTIONS HEED DURING THE COUNCIE 
MEETING OF THE INDIAN ROADS CONGRESS. 
DELHI, JANUARY 1941. 


Thursday, January 23. xp^f. 

After tbe group photograph with the Hon’ble Sir A. G. Clow, 
c S.I., I c s., and the Hon’ble Mr. S. N. Roy, c.s.r , C.I.E., i.c.s., 

and other guests, the delegates assembled at the New Delhi Town Hall at 
ii-oo a. m , when Mr. A. W. H. Dean, m c., H.d., Superintending Engineer, 
Delhi Province, brieflj* introduced the ‘Notes on works to be visited 
in Delhi Province*. He «as followed by Mr. Mahabir Prasad, Officiating 
Chief Engineer, United Provinces, who Introduced the portion of the notes 
relating to Ghaziabad-Bulandshahr road. 

At 11.30 a. m., the delegates proceeded in taxis to inspect the 
following works 

i-INCH PREMIX SOCONY MACADAM ON PARLIAMENT STREET- 

(i) PORTION H/2 TO 0/4. 

This I'inch carpet of Socooy Asphalt, grade loi. was laid in 
June 1934 at a cost of Rs 9/8/- per hundred square feet, Ivide 
L R. C. Proceedings, Volume I, page 33). 

In 1937, it was noticed that the stone aggregate of carpet was 
exposed and was getting worn aw’ay by traffic A seal coat with 
liquid asphalt was, therefore, provid^ in 1938. This was done at a 
cost of Rs. 1/12/. per hundred square feet using Liquid Asphalt at 20 
poutids and Badarpur saod. The road is in good order. Traffic 
consists mostlj* of rubber-tyred vehicles 

(ii) CIRCUS n/2. 

This C • ■ ■* '-'erred 

to above ; : ■ ■ ubse* 

quent trea ■ • was 

done using Hot Socony, Grade 105. at 25 pounds with stone chips. 
The cost was Rs. 2/4/- per hundred square feet. 


experiment of smoothening coat with drag-screed. 

Repairs to road surface by appplicatioa of re-pamting coats does not 
improve the surface so far as the e\-enness is concerned. In fact, if the 
surface has become wavy or corrugated, the defects are, if anything, 
accentuated by re-painting. If a carpet is laid on such a road, the 
undulations repeat themseh-es in cxmtse of time. It has. therefore, been 
the practice to re-metal the road when the surface had become verj' 
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uneven. This process is not only expensive, as nothing less than two coats 
of painting on the new u'aterbound surf.ace are satisfactor>*, but also causes 
a great tkal of inconvenience to the public, as tlie road has to remain 
dosed to traflic for a long time. This applies specially to roads in a town. 
It has, therefore, been attempted to repair uneven road surfaces without 
recourse to tlie renewal of its metalling. 


Experiments for applying smoothening coats have been performed on 
Irwin Road, ICew Delhi (see plan on page 237). The road surface had 
b^me quite uneven, having been painted and re-painted four times since 
1929. The experiment was carried out as below : — 


Painted road surf.ace was cleaned, as is done for ordiuarj* work of 
surface dressing. A tack coat of Bitumen (Colasmix, Indospra or Shel- 
spra) was given using S to 10 pounds of m.aterial per hundred square feet. 
Stone grit of size J iudi downwards was premixed in hand-operated revolv- 
ing dnims, using 5 to 7 pounds of Colasmix per cubic foot of grit or 3} 
pounds of SheUpnv or Indospra per cubic foot of grit. Shelspra was 
he,ate<l to 250 degrees Fahreuheit and Indospra to 225 degrees F.ihrenheit 
before premixing. The pre-caited grit was laid on raid surface by the 
help of a Drag Screed, in which tlie blade was adjusted so that it just 
deared Uie high spots. The pre-coaletl grit was loaded in Uie space in 
front of the blade aud tlie screeil was polled forward by about S meru 
The grit was thus spread to form an even surface as shown below 


The surf.acc so prepared was then rolled with a light roller. In tlie 
case of Colasmix, the rolling was done 3 hours after laying in order to let 
the emulsion break. In case of Shelspra and Indospra. rolling was done 
soon after l.ajnng. The road was kept dosed for qS hours after rolling, 
so lliat the surface could become hard. 


It was obser\'cd that the first smoothening coat formed slight de- 
pressions after being openeil to trafiic for a few daj'si. The depressions 
appeared where the thickness of grit was more, as that thickness com- 
pacted further under traffic, A second smootheniug coat was. therefore, 
applied in certain sections to sec the effect. The work was done exactly 
in the same way as in tlie case of the first coat except that the tack co.at 
was lighter, consisting of 4 pounds of Colasmix per hundred square feet, 
diluted with an equal quantity of water. 


The treatment as described above was done in 12 sections, eadi 
15 feet by 50 feet. The details for each section are gi\*en in the statements 
faring page 23S. 
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25.INCH SOCONY CARPET, CONNAUGHT PLACE. 

PORTION PROM IRWIN ROAD TO CHELMSFORD ROAD. 

Tins 2j*inch carpet was laid in 1936 using Socony Asphalt, Grade loi. 
The work was done in two coats. The following materials w’ere used per 
hundred square feet in the first coat: — 

2" to Y stone chips. . ... .15 cubic feet. 


Socony 37*45 pounds 

Socosol .6 per cent of asphalt 


In the second coat the following materials were used per hundred 
square feet : — 

Stone Chips (f — J*) 10 cubic feet 

Binder (a) Socony, Grade 101 30 — 35 pounds 

(b) Socosol 6 per cent of asphalt 

Blinding, Stone Dust .2 cubic feet 

The cost was Rs. i6/» per hundred square feet. 

Light re-painting was found necessary in 1940, aud this was done 
with Socony Asphalt, Grade 105, at 20 pounds per hundred square feet, and 
stone chips, The cost was Rs. 2/6/- per hundred square feet. 

The condition of the road is good Traffic is heavy, and consists of 
both motor vehicles and bullock carts. 

aJ-INCH SHELCRETE. QUTAB ROAD. 

FROSI CONNAUGHT PLACE TO ITS JUNCTION WITH PAHARGUNJ (ABOUT } MILE). 

This • ’ rest of Rs. 21/- per hundred square 

feet I ■ • 1. page 24). The surface was given 

a seal coat *• : . I. R. C. Proceedings, Volume III, 

page 48). Traffic is heavy, specially village carts. The following 
experimental seal coats have since been applied on three sections of this 
length : — 

(i) From Connaught Place Junction to office of the Divisional Snperinten' 
deni. North Western Railway, 

Seal coat with F. 70 at 20 pounds, blinded with Badarpur sand at 
2 cubic feet. This was applied in May 1940 at a cost of Rs. 2/6/- per 
hundred square feet. The central portion of the road is exposed and 
cracks are showing. 

{2) From office of the Divisional Sttperintendenl, North Western Railway to 
Exit of Indian Railway Conference Association. 

Sealed in June 1940 with Digboi Indospra (400—500) at 20 pounds 
and blinded with Badarpur sand at 2 cubic feet at a cost of Rs. 2/14/- per 
hundred square feet. The surface is in good condition. 
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covered with 2l-inch Shelcrete m October 1937 {vide pages 48-49, 1 . R. C. 
rroceedings, Volume III). Siuce this was done, the maintenance has been 
negligible. The original treatment was a failure. 

Furlong c/S and Furlong 3/T. 

The original treatment of ij inches Armour Coat with Colas Emulsion 
was laid in September 1934 at a cost of Rs. 12/- per hundred square feet (vide 
j. — T T> n Ti— — V'.lume I and page 41, I. R. C. Proceedings, 
"■ covered with 2i-ineh Shelcrete in October 

1 ■ ■ ■ ■ , ■ ■ uns a comparative failure. It gave less 

service than its cost warrants. Furlong 31 has been re-treated with iJ 
inches Bitumuls Armour Coat in June 2940 at a cost of Rs. 12/-/- per 
hundred square feet. 

Furlong 3/2 and Furlong 3/3. 

The original treatment of il inches Armour Coat with Bitumuls was 
laid in October 1934 at n cost of its. 14/-,'- per hundred square feet (vide 
pages 28 and 29, I. R. C. Proceedings. Volume I, and page 42, 1 . R. C. 
Proceedings. Volume III). It commenced to show signs of disintegration, 
aud extensive patch repairs have been carried out. Furlong 3/2 w'as 
re-treated in June 1940 with the same material at a cost of Rs. 12/- per 
hundred square feet. This is certainly better than any other "Armour 
Coat" type of service. 

Furlong 3^4, 

li inches Tar Bitumuls Prenux was laid in November 1934 (vide 
page 29, I. R. C. Proceedings, Volume I;. Surface is wavy and e.xtensive 
patch repairs are necessary. 

Furlong 3I5 to Furlong 3IS. 

This is 2 1 iuches Shelcrete done in October 1937 (virfff pages 24-25, 
I.R.C. Proceedings, Volume I, and page 49, 1 .R.C. Proceedings, Volume III). 

TWO-COAT PAINTING AND SOCONY. 

]Videned portion Grand Trunk Road to Karuat, 

This extends from mile 7 to the border at mile 16. The road was 
widened throughout in 1937-3S from 12 feet to 16 feet with 6 inches stone 
soling and 4J indies wearing coat of stone metal. The widened portion 
was treated with I, {quid Asphalt late in 1937-3S. using 25 pounds of binder 
and 2 cubic feet of Badarpur sand at a cost of Rs. 3/S per hundred square 
feet. This was followed early in 193S-39 (i.e. after 5 months), by a second 
coat of Hot Socony Asphalt over the full widtli of 16 feet using 25 pounds 
of binder and 3| cubic feet of stone grit at a cost of Rs. 2/14/- per hundred 
square feet. The surface is standing up satisfactorily. 

TAR CARPET OPPOSITE MAIDENS HOTEL. 

Tins i-inch Tar Carpet Scaled w-ith Tar was I.iid in March 1934 (vide 
pages 26-27, I* I^* C. Proceedings. Volume I). The surface was found to 
require treatment and the length from Wall Street junction to Furlong 3/S 
was re-painted wiUi Shalimar Tar No. 2 at the rate of 25 pounds, and 3 
cubic feet stone grit in September 1940, at a cost of Rs. 2/6 per hundred 
square feet. 
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At 13-30 p. m. the delegates tctunted to their lodpingt. 

The delegates re-assembled at Windsor Place al 14-31 n ni ntid 
proceeded to Muttra road, to see the Drag Spreader and the Drag llr»im 
at work. 


DRAG SPREADER AND DRAG BROOM. 


(.) Specification for smootJieinn^ and laying of new weatinr luthce of 
l-xnch pre-coaUd chipptngs carpet mth Colasmix over a Painted and 
deformed road SHr/<Jce by means of the **Drag Spreader". 


I. Smoothemng calls for one or more application of a tack coat of 
Colasmix at the rate of 10 pounds per hundred square feet. The Colastiiir 
should be applied over the previously cleaned painted surface. 

{-inch size stone chippmgs pre-coated with Colasmii nt 6 pounds 
per cubic toot should he spread evenly by means ot the Dtae Snreider 
over the tack coat. The quantity of chippings to be used dep^d's on 
the condition ot the existing surface. After laying and spreading rolHnv 
should be done in the evening, not before. ^ 


2. If the road is m sufficiently bad condition to require a second 
smoothening course, then the second operation would be to give a tack 
coat at 4 pounds per hundred square feet and, m order to do this an eaual 
quantity of water may be added to facilitate spreading after which 
J-inch pre-coated 'Stone chippings as above should be spread and con- 
solidated. 

After both or either of these operations, the road can be opened to 
traffic after 24 hours and it is of advantage to allow the traffic to use the 
smoothening coat for at least a week, as by doing so it can be seen, before 
the final wearing coat is given, whether the defects in the original surface 
have been completely remedied. 


Wearing Coal A light tack coat of Colasmix is necessary and this 
should be given as for operation 2 above. 

l-inch to i-inch size stone diippings pre-coated with Colasmix at 6 
pounds per cubic foot should be spread by means of the Drag Spreader and 
this course should be rolled in the evening with an 8 to lo-ton roller 
The road can be opened to traffic after 48 to 72 hours. 

It should be noted that this specification can also be carried out with 
400-500 Shelspra B. S. 


(I’l) Specifications for Mix-tn-Place U'offt mth Drag Broom, {over a pre- 
viously bilumentsed surface). 

General : This specification is recommended for use in hen of 

ordinary re-painting on bituroenous surfaces uhich have become rough or 
uneven and require a certain degree of correction. It can also be 
adopted for unpainted surfaces by incrasing quantities and using large 
aggsegites. / 
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Materials 

Aggregates : — The mineral aggregate shall be Delhi stone 
chips and the various sizes required shall be stacked separately, after 
necessary scree' — -i t-.r— , 5^3^. 
ing the work. . ■ . * • ■ ; . ■ ■ |-inch 

mesh and retai . , ' ' , . ; ■ ■ 3 s, the 

aggregate passing 3'iNch screen and retained on ^inch screen shall be 
used. Coarse sand or stone screenings shall be used for final filling up of 
the voids. 

Binder : — The asphaltic material, used as a binder, shall be SOCONV 
SOCOFIX. a cut-back asphalt with about 80 per cent bitumen dissolved in 
light distillates, as marketted by Messrs. Standard-Vacuum Oil 
Company. 

Procedure : — The surface, to be treated, shall be true to grade and 
camber and any depressions, exceeding i inch in depth, shall be repaired 
with a mixture of Socofix and chips, at least 2 — 3 weeks in advance. 

The surface shall be cleaned as for painting and Socofix applied 
through distributing tins at 15—17 pounds per hundred square feet and 
the binder brushed out uniformly and immediately covered with | inch 
chips at 5 cubic feet per hundred square feet. 

The surface shall be rolled once or twice and then given a (urtbee 
application of Socofix at 13—16 pounds per hundred square feet. No 
attempt shall be made to brush out. 

Drag brooming to and fro shall be continued until the chips present 
a uniform "pepper and salt” appearance. Any light spots remaining 
on the edges shall, if necessary, be mixed by coolies with hand bass 
brooms. 

The surface shall then be rolled and drag broomed simultaneously 
by using the roller to tow the drag broom and rolls kept damped to pre- 
vent picking up. Wherever the drag is found not bearing ou the surface, 
it shall be touched up with a verj' light application of fresh chips and 
Socofix. 

The surface shall be rolled without the drag broom and, on bare 
patches, g-inch chips, previously preinlxed with Socofix, shall be 
sprinkled. 

The whole surface shall then be covered with l-inch chips at 2 
cubic feet for hundred square feet and rolling and dragging continued until 
the surface closes up. 

The surface shall be finished off with a final application of coarse 
sand or stone screenings at i cubic foot per hundred square feet rolled and 
opened to traffic the following day. 


The delegates returned to their lodgings at 16-00 p. m. 
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Friday, s^lh January, igii. 

There was a Council meeting from 10-30 a. ni. to 12-303. ni. at the 
Town Hall. 

The delegates assembled at Windsor Place at 13-30 p. m. and pro- 
ceeded to the Chandni Chowk. 

CHANDNI CHOWK. DEUII. 

1. Nalifre 0/ aiginal surfare: — Waterbound macadam with stone 

metal. 

2. Treatment given and materials used : — y — 5"— 7" cement conc- 
rete, 1:2:4 ™is, machine-mixed but hand-tamped, laid on old surface 
scarified and re-rolled to proper camber, insulated with a layer of sand. 
Eastern half laid from August to December 1935 and the Western half 
from June to October 1936. 

Coarse aggregate used was Delhi quartiite ij" to f" gauge, 6of^, 
with I" to J" gauge, 40%. Tine aggregate used was Badaipur sand from 
Budina Nala, 3 to 4-5 gallons of water W'cre used per bag of cement. 

Ij^^id^ in alternate bays, as well as in continuous stretches, with 
expansion joints to J" thick, filled with Garlex or locally made material. 
Transverse joints spaced 30' and 33'— 4" more or less in Western and 
Eastern halves respectively. Longitudinal joints painted with hot asphalt 
before laying cement concrete. 

Surface finished with wooden tamper, wooden floats and canvas belt, 
cured by ponding, with 4" to 8" thick earth layer, for 21 days and treated 
with three coats of sodium silicate. 

3- Cost per 100 square feet : — Rs. 45/2 for Eastern half and 
Rs. 39/14 lor Western half. (Aggregates could be obtained at compara- 
tively cheaper rates for the Western half). 

4. Nature and of traffic carried by the road : — 7070 rubber 

and iron-tyred vehicles per 24 hours, on each of the two halves, each 
30 feet wide. 

5 Subsequent treatment vith cost — Nil 

6. Present condition : — Very good. 

The delegates then proceeded to the Grand Trunk Road to Meerut. 
The particulars of works inspected are given below : — 

CEJfENT CONCRETE. 

MILE 1 AND FURLONGS 4 AND 5 OF MILE 2. 

During November 1934, cement concrete (i'2:4) 7"'5"-7" section 
was laid at a cost of Rs. 58/- per hundred square feet (for specifications 
see pages 37-44. I.R.C Proceedings, Volume I. and page 52. Volume III). 
The intensity of traffic is 287 tons pet yard width consisting mostly of 
fQur-^^heeled carts The surface is quite good and is standing up well. 
Maintenance has been confined to filling of joints only. 
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, at-INCH SHELCRETE. 

M 1 I.E 2 , PARTS OF FURI.OKGS 6 AND 7. AND UILE .4, FURLONGS 4 AND 5. 

2i-inch Shelcrete was laid during ICovember 1934 and 1035 at a cost 
of Rs. 21/- per hundred square feet, {vide pages 24-25, 1.R.C. Proceedings, 
Volume I, and page 50. Volume III). Minor patcli repairs have had to be 
done. During July 1937, a seal coat with F. 70 was given to the surface, 
(r/de page 50. 1.R.C. Proceedings, Volume I). Another seal coat with the 
same material has been given during June 1940. The surface is standing 
up well. The traffic is heavy, specially of four-wheeled carts, the intensity 
being 287 tons per yard width. 


SOCONY PAINTING. 

IHLE 2 , PART OF FURLONG 6. 

In March 1932. the road surface was given a paint coat with Socony 
(rirfe pages 21-22, I. R. C. Proceedings, Volume I, and page 32, I, R. C. 
Proceedings, Volume III). The surface was re-painted witli Sprames 
during July 1937 and was re-painted during July 1940 with the same 
material, using 25 pounds of binder and 3 cubic feet of stone grit at 
a cost of Rs. 2/14 - per hundred square feet The original treatment was 
quite satisfactory. 


2J-INCH HOT SOCONY PREMIX. 

MILE 2 , FURLONGS 2 AND 3. 

This treatment was laid during November 1934 at a cost of Rs. 17/S,'- 
per hundred square feet {vide page 46, 1.R.C. Proceedings, Volume I, and 
page 50, I. R. C. Proce^ings, Volume III). Patch repairs have been 
carried out and the surface is slightly wavy. A re-paint coat will be 
necessarj' in the near future. 


21 -inch grouting with MEXPHALTE 30—40. 

MILE 2 , FURLONG I, AND MILE 3, FURLONGS 2 TO S. 

This is the original treatment that was done In March 1933 {vide 
page 22, I R C. Proceedings, Volume I). Patch repairs have been carried 
out to this surface. A re-paint coat will be necessary in the near future. 
The treatment has stood well. Traffic intensity is 287 tons per yard width. 


2J-INCH GROUTING WITH HOT SOCONY. 

MILE 3, FURLO.NC I, AND UIXX 4, FURLONGS 6, 7 AND 8. 

This is also the original treatment that was done in March 1933 (vide 
pages 22-23, 1. R. C. Proceedings, Volume I). Patch repairs have been 
carried out. The treatment has stood well. Intensity of traffic is 2S7 tons 
per yard width. 
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2 J.INCH TRINIMAC. 

MILE rURLONG 3. 

This is the original surface, done in November 1934 [vide page 47, 
IRC. Proceedings, Volume I and page 45 Volume III). Surface has h.ad 
to be patched up at several places but has stood well. Rc-paint coat will 
be necessary in the near future. Intensity of trafllc is 287 tons per 
yard width. 

EXPERIMENTAI^ BRICK TRACKWAYS ON 
DELHI-MEERUT ROAD. 

Several miles of new roads, to take occasional he.avy motor tralTic, 
have to be constructed expeditiously as an emergent me.asure, in places 
where road materials are not available for construction and water is scarce. 
Bricks could, however, be manufactured at some distance from road and 
carted and it has been proposed to adopt brick trackways as an emergent 
measure. Before adopting any particular specification for the brick track- 

’ • • • . , f . I . * • ‘it was considered 

‘ hflerent spccifica- 
. ‘ ‘ how tliesc behave 

under traffic. Delhi-Meerut road between Delhi and Shahdara was 
specially selected as on this stretch of toad there is segregation of traffic, 
the cement concrete road being reserved for cart and tonga traffic and the 
asphalt road for motor traffic only. Further, the place is very near Delhi, 
where the specifications could be rigidly enforced under proper depart* 
mental supervision. Two sections were chosen on the motor road, one of 
300 feet near Badshalu bridge and another of 600 foot near the canal, 
During construction all motor traffic was diverted by nieaiia of ram|n 
on to the concrete road now reser\'ed for carts and tongas. 

To make the experiments conform to the actual coustruetlon 011 earlli 
roads, themetailing and soling on the Delbi*Meerut road were removed 
and the formation level brought up by earth filling, dressed, watered luid 
consolidated in layers by sheeps-foot rammers and rollers at optimum 
moisture content. Trenches were then excavated to the rctpiired widlh 
and the bottom consolidated again with sbeeps-foot rammers The track- 
ways w’ere then laid All the trackways ha\-e been completed by 3rd Jan- 
uary 1941. Tr.nffic will be allowed over these after concrete is cured 

The trackways consist of two tracks each a’-g" wide and sp.iceil j’-ti ' 
centre to centre The designs adopted are shown in the pl.ins opposite, 
and the specifications are detailed below — 


Experiment No. I. 

Brick-on-edge laid with i" joints, tlie joints to be sanded to within 1 " 
of the top and then grouted with as much as they will take of 


I. (n) 

Tar No 2 

50 feet length herring bone bond. 

Sketch 

(6) 

Bitumen 

50 feet length herring bone bond. 

No. I. 

=. («) 

Tar No. 2 

25 feet 1 

} Header and Strctclicr Iximl. 

(») 

Bitumen 

25 feet J 



Experiment No. n. 


Brick-oa-edge laid with bricks half dipped in 


I. (a) 

Tar No. 2 

50 feet length 

1 Herring-bone bond. 

W 

Bitumen 

50 feet length j 

2. {a) 

Tar No. 2 

25 feet 1 

1 Header and Stretcher bond. 


Bitumen 

25 feet J 


Experiment No. III. 




Cement concrete trackways, with brick ballast (i" gauge;, Badarpur 
sand and cement in the proportion of 4:2:1 laid in 25 feet lengths, joints 
staggered, each joint i" with pre-cast bituminous joint filler. 


I. {a) 6" thick with cantilever end reinforcement . , 75 feet. 

(6) 6" thick without any reinforcement . . , . 75 feet, 

a. (a) 4' thick with cantilever end reinforcement . . 75 feet. 

{b) 4'^ thick without any reinforcement . . . . 75 feet. 


Cantilever end reinforcement to consist of 4 nos 3/8" diameter mild 
steel rounds a'-d' long. 

Experiment No. IV. 

Brick-bonded brick ballast cement concrete (Sketch No. 2). 

With flat bricks bonded with brick ballast cement concrete 1:2:4. 
Total thickness 6". 

(a) 50 feet length with cantilever end reinforcement. 

(i) 50 feet length without any reinforcement. 

Experiment No. V. 

Brick-bonded brick ballast cement concrete (Sketch No. 3). 

With bricks-on-edge bonded with brick ballast cement concrete i'2;4, 
thickness fij*. 

(а) 50 feet length with cantilever end reinforcement. 

(б) 50 feet length without any reinforcement. 

Experiment No. VI. 

Brick-bonded brick ballast cement concrete (Sketch No. 4), 

With specially burnt semi-eliptical bricks with 1:2:4 brick ballast 
cement concrete, thickness 6’'. 

(а) 50 feet length with cantilever end reinforcement. 

(б) 50 feet length without any reinforcement. 
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Experiment Mo. VII. 

Dry Brick Trackways without any grouting. 

(а) 50 feet length Herring bone bond. 

(б) 50 feet length Header and Stretcher bond. 

In experiments Nos III to VI, half of cacli experimental length has 
been done with selected blue 'Jhatna* brick ballast and the remaining half 
with assorted brick ballast, t.e., brick ballast from which only honey-combed 
or under-burnt material has been eliminated. 

The work is estimated to cost Bs. 3,200. Accurate records of all 
quantities have been kept for costing. 

GRAND TRUNK ROAD. 

The section of the Grand Trunk Road between Bulandshalir aucl 
Gbaziabad was upto the year 1933 in a very bad condition inspite of 
continued renewals and maintenance. Tbe life of the waterbound 
kankar surface was on an average only 2 years and the expenditure on 
maintenance high 

The proposal, first sanctioned, was lor reconstruction with a 4i'iDch 
coat of Delhi stone metal and surface dressing with bitumen. The actual 
reconstruction was to be completed in two years and tbe contractor was 
made responsible for maintenance for ten years after the completion. The 
length of the section was 30 mites and the contract was given ou the basis 
of competitive tenders at a cost of Rs. 3.52,710 aud for the maintenance 
for a period of ten years at a cost of Rs 2,93,250. The total cost of 
reconstruction and maintenance for teu years would thus have been 
Rs. 6,45,960/- for 30 miles of road t.<. Rs. 2,153/* per mile per year. 

Five miles were reconstructed according to these proposals but 
as the maintenance cost of the painted surface was expected to be higher 
than that for a concrete pavement, the contractor offered to reconstruct 
the road with cement concrete for the same cost pay’able in ten j ears 
inclusive of maintenance. Tins was made possible with the co-operation 
of the Cement Marketing Company of India Limited who agreed to accept 
deferred payment for the cement supplied 

The result up-to-date has fully justified the change and it is expected 
that even after ten years we would be left with a satisfactory road and 
Government will have a saving on maintenance. 

DETAILS OF COST 

As the work was done by contract on a lump sum basis, exact 
details of materials, etc , are not available. The cost was Rs. 3/- per 
square yard. 

The slab is 12 feet wide throughout and 5j’ — 3|' — sj" thick laid 
on an insulation lajcr of fine sand and cinders as was available The 
pavement was laid on the alternate bay system without any expan- 
sion joints. The mix was 1.2 4 The concrete was machine mixed and 
laid with the help of handwork^ templates and tlie surface was hardened 
with a solution of sodium sihcate. The work was completed during 
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1935-37. Some interestiag details were printed in the Indian Concrete 
Journal of February 1937, pages 43-48, and Proceedings of LR.C., Volume 
in, pages 237 and 238. 

TEAPFIC 

The intensity of traffic on the section varies greatly and is the 
greatest as we approach Ghaziabad. In mile 851 which is practically 
in the middle of the section, the intensity of the traffic is as follows: — 


Motor Non-Motor 



1934 

1939 

1934 

1939 


Tons 

Tons 

Tons 

Tons 

Mile 851 

237 

428 

720 

481 

Mile 874 

594 

126S 

329 

385 


It will be seen from the statistics given above that, since the road 
was constructed, the traffic of motor vehicles has gone up and that of the 
non-inotor traffic, i.e. bullock carts, lias a tendency to go down. 

FORTIIER REMARKS 

While the surface of the pavement has been satisfactory, some cracks, 
which are considered up to the present to be due to expansion 
and contraction, have occurred 10 this section. Such cracks are not 
general on the other cement concrete roads which have been 
constructed iti the United Provinces and it has not been possible >et 
to fully determine the reasons of the cracks. The slabs at a joint 
which is affected, press against each other and gradually rise up 
in an augle. The rise has been noticed to be as much as 
6 inches and in one case 18 inches As traffic passes over this 
raised portion, the slabs get cracked transversely, and, before 
long, the raised portions break into pieces Two photographs showing 
the risen slabs and the cracks are appended. The rise in the ends of the 
slab in the case of mile 8.j8 was 18 inches and the ends of two bays stood up 
for more than 60 hours and then fell to pieces. Several theories have been 
put forward for this phenoniena, but it has not been possible to deter- 
mine the causes correctly. For tlie present, it is considered that it is due to 
the expansion of the concrete slabs which are free to move due to the 
insulation layer, which was given between the slabs and the sub-grade. 
There is no doubt that the cracks are due to the expansion but the curious 
thing is that it is only in a particular section that it happens so frequently. 
During the summer of 1940 there were some half a dozen such cracks 
and this has happened every year since the construction of the road. 
Observations have shown that the insulation layers in places, where these 
cracks have occurred, have been rather thick and in some places it 
was found as much as 1 inch. It may be tliat the thickness of the 
insulation layer has got something to do with the cracks. 

To avoid such expansion cracks in future works, the insulation 
lajer has been omitted from the spedficatious for thin concrete slabs. 
It is considered that the bonding of the thin slabs with the sub-grade will 
prevent unusually high expansion or contraction. The results up-to-date 
have been satisfactory but the slabs laid on the new specifications have 
not been in existence for a sufficiently long period to establish the ad- 
vantage of bonding over the insulation sj’stem. 
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ShoniuR the ribcn slabs m nu5c 851. 



Figure 2. Showing the cracked slabs in mile 851. 
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This year the bursts have occurred amongst otljcrs, in the following 

miles 


Dali. Mile. Furlong. Bay No. Temperature. Time of occurrence. 


25-4-1940 855 7 

29- 4-1940 854 1 

30- 4-1940 848 4 


27 io6« F. 

154 107* F- 

89 and 90 108“ F. 


4 P.M. 
4 P.M. 
3-30 P.M. 


Rai Sahib Hari Chand, District Engineer, Concrete Association of 
India, New Delhi, circulated to the members of the Council the following 
note as a possible explanation of the bursts, for their consideration at 
the time of inspection of Mile 851 : — 

'Tt has been mentioned on page 248 : — 

'•There 19 no doubt that the craek-i arc due to c^iwnsiott but the curious thing 
is ihat It is only in a ei“ciio».” 

For research into the causes it might be mentioned that the 
conditions of road subgrade, method of construction, the cement-water 
ratio, and quality of materials was uniform m the whole length of the 
road, but with one exception The cement used in the length of the 
concrete road from mite 872 to S53 was stored for some time m the 
godown before use, but in the section beyond mile 853, fresh cement, 
as it daily arrived from the factory, was consumed. This was probably 
done to save double transport charges and also, perhaps, due to shortage 
of stored cement. 


Now, it is a well known fact that : 

"Fresh cement coniains « Rmall amount of free or loosely combined lime, which 
doe9 not slake freely like ordinary liine^ and causes rxpanuon endangering die 
fitriictiire. A moderate amount of ttatonmo in weather-tight sheds, however, is often 
helnfiil to secure good results,” rule page 491, ‘ REINFORCED CONCRCTE CON- 
STRUCTION” Voliitne II by HOOL. 


The writer of this note is, therefore, of the opinion that the cause 
of this extra-ordinary expansion is the use of fresh cement without 
allowing it to season by a moderate storage, otherwise there appears no 
other explanation for this extra-ordinary phenomenon. 


It might be mentioned that otherwise the quality of the concrete 
is very good, its wearing quality is perfect and the proportion of aggre- 
gates, as determined by the chemical analysis of a sample, is also exact.” 

The delegates were entertained to tea at Bulandshahr by Rai 
Sahib Lala Munna Lat Govilla, Engineer and Contractor, Benares City, 
and thereafter returned to Delhi, reaching back their lodging at about 
ig-oo p.m. 
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^fonday, sylh January, ig4i. 

T' • * * ' Town Hall at 10.00 when Mr. S. R. 

■ soil stabiliration. A stiramarj’ of this 

J page 274. 

At 11.00. the delegates proceeded to the Asmanpur road, near the 
Jumna bridge to see a field-work demonstration of soil stabilization. 

In order to illustrate the various stages in construction of a stabilized 
soil road, a length of one furlong on this unmetalled road had been 
selected. 

This road is subject to normally heavy traffic, consisting mainly of 
bullock carts. 

The length selected for demonstration was rather sandy and subject 
to quick disintegration in the dry weather under traffic. 

The laboratory analysis of the sandy soil is as follows: — 


Retained on No 40 sieve A. S. T. M.* o per cent. 

Retained on No. 200 sieve A. S. T. M. 74 9 per cent. 

Passing through No. 200 sieve A. S. T, M. 25 1 per cent. 

Liquid Limit 25 7 

Plastic Limit 19 5 

Plasticity Index 6 2 


The analysis showed that the soil had a large excess of fine sand 
and required an admixture of coarse sand and clay for the wearing course. 
Roth these materials were available near tbe selected site and were 
consequently used. Clay w-as obtained from a deposit nearby and sand 
was collected from the bed of tbe Jumna. 

The laboratory analysis of the admixture is as follows' — 

Clay. 


Retained on No. 40 sieve A. S. T. M. 
Retained on No. 200 sieve A S. T. M. 
Passing through No. 200 sieve A. S. T. M. 
Liquid Limit 

Plastic Limit 

Plasticity Index 

0 per cent. 
17 2 per cent. 
82 8 per cent. 
489 

21 6 

273 

Coarse Sand. 


Retained on No. 40 sieve A.ST.M 
Retained on No. 200 sieve A.S.T M. 
Passing through No. 200 sieve A.S.T SI. 

81 0 per cent. 
12.4 per cent. 
6 6 per cent. 

The mixture selected for use in the wearing course was as follows:— 
Road soil .. •• •• Three parts 

Jumna soil •• *• •• One part 

Clay •• •• *• •• Two parts 

For the foundation course, the existing s 
suitable and was loosened to a depth of fiv 

oil was considered to be 
e inches and compacted by 

•.Kmcnran Society of Testing: SUtcrial*. 




Appendix II 


253 


TiMirfiy, iSth January, ig4i. 

The delegates assembled at Windsor Place at 9-30 hours and 
proceeded, in taxis, via Panchkuin Road and Jlutiny Memorial Road to 
the New Rohtak Road to visit the test stretches laid there. 

Experimental lengths, each a 100 feet long and 24 feet wide, 
liad been laid with binders and primers supplied by each of the following 
three manufacturers : — 

(1) Messrs. Burmali Shell Oil Storage and Distributing Co. 

(2) Messrs. Standard Vacuum Oil Co., of New Vork. 

(3) Messrs Shalimar Tar Products (1935) India Limited. 

Two lengths, one with n primer and the other without, had been 
laid with the materials of each of the above firms, who w’ere also given 
the discretion to use such quantities of binder and chips as they considered 
would give the best results The experimental stretches had been laid in 
a continuous length on the New Rohtak Road with tlie same kind and size 
of stone chips and same standard of workmanship and each of these 
will obviously be subjected to the same intensity of traffic and similar 
climatic conditions Although, therefore, the tests were laid in esteremely 
cold weather, in December 1940 (the temperatures in sun during laying 
varying from 72” to 76” Fahrenheit only) it is expected that they would 
yield fairly comparable results. 

The following were the quantities of materials used in the dilTerent 
stretches and the cost per hundred square feet of treated surface — 

(1) Burmah Shell 

(а) Single coat painting. 

Mexphalte 80/100 F. 

3/8” stone grit 

Cost 

(i) Double co.'it painting. 

Shell Primer No. 2 

Stone gilt or saud 

Mcxphalle 80 100 F. 

3/8" stone grit. . . 

Cost 

(2) Shalimar Tar. 

(d) Single coat painting. 

Shalimar Tar No. i. 

3 '8’ stone grit. .. 

Cost 

(б) Double coat painting. 

Shalimar Primer No i. 

Stone grit or sand 

Shalimar Tar No. 2. 

3/8* stone grit. .. 

Cost .. 


• • 53*5 pounds. 
. . 5 cubic feet 
. . Rs. 6/12/- 


. . 17 pounds 

.. Nil. 

. . 48 I pounds. 
..47 cubic feet. 
.. R5.7/13/. 


..479 pounds. 
. . 5 cubic feet. 
.. Rs. 5 '6/. 


. . 17*3 pounds. 
.. Nil 

. . 317 pounds. 
.. A 5 cubic feet. 
.. Rs. 5 'to/- 
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means of sheeps-foot roller, after adding optimum moisture to the soil. 
Cosi : — 

The details of cost of the demonstration are not typical of this kind 
of work, as the work had to be done in abnormal circumstances and in a 
great rush. These have therefore been left out. 

’Procedure : — 

The details of procedure were the same as described fox similar 
details in experiment I in Mr. Rtehra's paper entitled, “The use of soil 
stabilization in unmetalled and metalled roads in »India-II," vide pages 
141-145 of part I of this volume. 

The demonstration was divided into the following stages. — 

(a) Collection of clay. 

(b) Drying of clay and breaking it by means of wooden ikapis. 

(c) Dry mixing of sand, clay and soil. 

(d) Addition of optimum moisture. 

(e) Preparation of bed. 

(f) Compaction of foundation course at optimum moisture. 

(g/ Spreadiogof wearmgeourse material ready mixed at optimum 
moisture. 

(h) Rolling the wearing course by power Roller. 

(i) Finishing the surface. 

( j ) Curing the surface. 

The members of the council were taken round the work stage by 
stage by Mr. Mehra who explained the practical considerations involved 
and the difficulties met with in this experiment at each stage. 

The delegates then proceeded io taxis to inspect the Trackways on 
the Badli Railway Station Feeder Road The details of this work are 
given ompage 48— 50 of volume I {1934) of the proceedings, and on pages 
56 and 57 of part i of this volume. 

The delegates then proceeded to the Sonepat Rest House and were 
entertained there to a picnic lunch by the President. 

After the lunch, they proceeded via Rohtak Road and Western 
Jumna Canal Roads to Gohana Trackways on the Sonepat-Gohana 
Katchha Road. 

Particulars of these trackways are given from page 59 of Sir 
Kenneth Mitchell’s paper appearing in part i of this volume. 

The delegates walked along the trackways for about a couple of 
miles and the subject was well-discussed at site. 

The delegates then proceeded to Rohtak via Gohana, where they 
were entertained to tea by Sardar Bahadur Captain Dalpat Singh, O.B.I., 
I.O.M.. JI.L.A. (Central), Member of the Standing Committee for Roads 
and Chairman, District Board, Rohtak. 

After the tea, the delegates returned to Delhi arriving at their 
lodgings at about ig'go hours. 
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Tuesday, 28th January, Jg4i. 

The delegates assembled at Windsor Place at 9-30 hours and 
proceeded, in taxis, via Paochkuin Road and Mutiny Memorial Road to 
the New Rohtak Road to visit the test stretclies laid there. 

Experimental lengths, each a 100 feet long and 24 feet wide, 
had been laid with binders and primers supplied by each of the following 
three manufacturers : — 

(1) Messrs. Burmah Shell Oil Storage and Distributing Co. 

(2) Messrs. Standard Vacuum Oil Co., of New York. 

(3) Messrs. Shalimar Tar Products (1935) India Limited. 

Two lengths, one with a primer and the other without, had been 
laid with the materials of each of the above firms, w’ho were also given 
the discretion to use such quantities of binder and chips as they considered 
would give the best results The experimental stretches had been laid in 
a continuous length on the New Rohtak Road with the same kind and sire 
of stone chips and same standard of workmanship and each of these 
nill obviously be subjected to the same intensity of traffic and similar 
climatic conditions Although, therefore, the tests w'ere laid in ezteremely 
cold weather, in December 1940 (the temperatures in sun during laying 
varying from 72* to 76* Fahrenheit only) it is expected that they would 
yield fairly comparable results. 

The following were the quantities of materials used in the difierent 
stretches and the cost per hundred square feet of treated surface: 

(1] Burmah Shell 

(ul Single coat paioting 


Mexphalte So/ioo F. 

3/8" stone grit .. 

Cost 

• • 53 5 pounds. 

. . 5 cubic feet 
.. Rs. 6 /i2/- 

(6) Double coat painting. 

Shell Primer No. 2 

Stone grit or sand 

Mexphalte 80, looF. 

3/8" stone grit. 

Cost 

.. 17 pounds. 

.. Nil. 

. . 48 I pounds. 
..47 cubic feet. 
.. Rs. 7/13/- 

(2) Shalimar Tar. 


(a) Single coat painting. 

Shalimar Tar No. i. 

3 '8* stone grit. . . 

Cost 

. . 47 9 pounds. 

. . 5 cubic feet. 

.. Rs. 5 '6/- 

(&) Double coat painting. 

Shalimar Primer No. i. 

Stone grit or sand 

Shalimar Tar No 2. 

3/S' stone grit. . . 

Cost 

. . r7 3 pounds. 

.. Nil 

. . 31 7 pounds. 

. . 4-5 cubic feet. 
.. Rs. 5'io/- 
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CEMENT CONCRETE SIDE WIDTHS. ROHTAK ROAD. 

The side widths are 8 feet wide. The njix used is 1:2:4, to 
a 7"-5"*7" section (specifications on paces 37-44 Volume I), The work 
was carried out in 193S at Rs. 38.- per iiiindred square feet. 

Except for repairs to n few pot-holes and breakages near joints, the 
surface has not required attention The junction of the Shelcrete and 
cement concrete has required levelling in spots where depressions had 
developed. 

The delegates then returned to the junction of Rolitak and 
Najafgarh Roads and proceeded to visit the road berms in Mile 3/4 
to Mile 3/S, of the Delhi Najafg.irh Road, winch had been Stabilired 
with Cement. 

In the summer of 1940, this work \v.is undert.iken with preliminary 
laboratory study of soil compaction and of the resistance of soil cement 
mixtures to repeated wetting and drying. From these tests it was decided 
to use 7 per cent of cement by weight of soil Tins percentage included 
one per cent for a loss of cement in the various operations of placing and 
mixing in the execution of work 

Tests were also conducted to determine the moisture density relations 
of the raw soil The optimum moisture content of the soil was found to 
be 14 per cent of oven dry weight of the soil 

Tlie work '^ns started in April and completed in May 1940. Weather 
conditions in these months were far from satisfactory, the temperature 
rising to log and no degrees Fahrenheit and hot winds bJouing away 
considerable amount of cement and moisture Field tests were carried 
out and an allowance was made for the loss of moisture. 

Except for initial pulvoriring. each section was constructed complete- 
ly during one day. This procedure was necessary because of the rapidity 
at which the cement hardened after water w'as applied and the necessity 
for compacting the mixture at the optimum moisture content before the 
cement had set. The method consisted of mixing in place cement and 
soil, adding nnd mixing uater, compaction of the damp mix and rolling to 
finished surface. 

It was executed entirely by departmental labour. The treatment 
was carried out on the 6 feet wide berms on both sides of tlie road from 
Mile 3/4 to Mile 3 S. The total length treated was 2655 feet on both 
sides or 5310 feet of 6 feet widtli, of which 3255 feet was done to a 
depth of 6 inches nnd the balance of 2055 feet to a depth of 4 inches. 

I. PreUvtinary Labofatory Tests. 

The satisfactory percentage of cement as based on compacted oven- 
dry soil volume w.is found to be 7 per cent by weight. TJiesoiJ neighed 
a hundred pounds per cubic foot. The soil density test gave the Optimum 
Moisture Content of 1377 per cent. As the soil was found to contain 377 
per cent moisture in its n.atural state, this fixerl the proportion of water to 
be added during consolidation at 10 per cent. 
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II. ConslrucUon. 

The construction is summarized below 

(i) Pulvermng the sotl. The existing road berms were scarified to 
the required depths {4-inches and 6-inches) by means of the toothed scari- 
fier attached to the Caterpillar Tractor [vtde Figure i opposite page 256). 
This was accomplished m three or four trips The bottom surface was 
brought to the required depth and camber by hand, using phaoras. All 
clods were broken by repeated trips of the sheeps foot roller. Foreign 
bodies such as stone ballast, bricks etc. were removed, and only 
homogeneous soil passing through a No. 10 sieve was retained. 

2. Spreading CemenL The pulverized soil was spread evenly on the 
berms to receive a layer of cement of uniform thickness. The cement bags 
were then spotted in accordance with the area calculated to be covered by 
one bag of cement at the pre-determined ratio of 7 per cent, by weight of 
the cement to soil {vide Figure 2 opposite). 

3. Mixing cement with dry soil. Each bag of cement was spread 
entirely in the area commanded by it, and then mixed with the soil by 
means of phaoras until uniformity in colour was obtained [vide Figure Z 
opposite). Special care was devoted to the mixing to ensure this 
desideratum before applying water The mix was then laid back on 
the berm to a uniform level 

4. Applicalion and mixing of water. The quantity of water required 
for each section was calculated on the pre*determined basis of 10 per cent, 
and this was controlled by means of band-watering cans, each of 2*5 
gallons capacity. These cans were fitted with a rose The required 
quantity of water was applied, and the mixing done in two equal batches 
to ensure uniformity. When a uniform mix free from lumps had been 
obtained, the sheeps-foot roller was drawn over the surface at high speed 
by the tractor [vide Figure 3 opposite page 258) 

5 - Compaction and finishing. The compaction was done with the 
sheeps-foot roller, pulled by a 30 borse power grader The roller was 
ballasted by filling earth in the drum and was worked slowly at first (so 
that compaction could start from the bottom) and then speeded up so that 
the dynamic forces uould assist in the compaction. The roller was worked 
for 15 minutes over a length of about 300 feet and further rolling was 
stopped when it was found that, except for a small quantity of materials 
on the surface (which remained loose), the entire thickness of the Ja^'er nas 
wclUcompacted. The final compaction and shaping to the correct cross 
section was done with an 8-toa tandem roller [vide Figure 4 opposite page 

259 )' 

6. Curing. The finished section was protected from the direct rays 
of the sun for 24 hours by covering it with date-mats which were kept wet. 
This covering prevented evaporation of moisture from the surface and 
permitted the roadway to harden The work was kept watered for one 
complete week, until the berm was hard set and fit to carrj* the traffic 

Traffic was allowed to pass over the surface after a fortnight of its 
completion After a few days when the traffic was on, fine cracks and 
loose pockets were observed in the surface. These were picked out and 
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re-treated with richer cement soil mixture (cement lo per cent) separately 
prepared for the work The results were satisfactory. 

7. General observations. The treatment has stood well and is still 
hard and capable of carrying traffic The section treated to 6 inches 
depth is standing up better than the 4-inch section. 

The present indication is that the treatment of soils with Portland 
cement has special merits and is comparatively economical. If the surface 
is treated with a bituminous treatment it will add to its life very 
considerably. 

Four photographs depicting the various stages of the work are 
reproduced. 

8. Cost: — A detailed statement of expenditure incurred is given 
below. — 

1. FIXED CHARGES ON TOOES AND PLANTS AND TESTING APPARATUS. 

{a) Tools and Plant. 

Sheeps-foot Roller complete with Rs 

coupling arrangement. .. 1663 

Coupling arrangement on one side. . . . . 38 

Coupling arrangement on the other side 
found necessary in use. . . • • 5S 

Templates, water cans, thermometer, 
sieves, lanterns etc. . . . . 150 

. . 1906 8 0 

. . 40 4 0 

. . 108 o o 

.. 115 o o 

. . 50 o o 

313 4 o 
Total fixed charges = Rs. 2220 o o 

2. RECURRING CHARGES. 

I. Cost 0/ Treatment to a depth of 4 inches. 

Length = 2055 feet Width = 6 feet. 

Area = 12,330 square feet. 

(a) Materials. 

Cement. 260 bags = 13 Tons @ Rs. 38/* . . 494 0 o 

(Average rate inclusive of carting to site.) 


[b) Departmental Labour. 

JIates. 2 Nos. x 15 days = 30 © -Ai/- per day. . . 20 10 o 

Beldars 3.^5 Nos. © -/7/^ each. . . . . 161 12 0 

Mason for finishing I X 13 @ 1/8- per diem. .. .. 19 8 o 

Mason's Beldar 1 X 13 © -/7/6 per diem. .. .. 620 

Bhisties for curing and 

applying water 4x15 days — 60 © -/7/6 per day. .. 28 2 o 


Total , . 236 2 0 


(6) Testing Apparatus. 

Testing Operations 
Penetrometer for soil testing. 
Supplementary attachment for above. 
Soil Testing Apparatus. 
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(c) Recurring expenses of Caterpillar. 

Hiie charges 12 days © 2/8/- pei day. 

Driver’s wages 12 days 6 3/-/- per day. 

Assistant’s wages 12 days © -/^o/- per day. 

Cbowkidar’s wages 12 days (« -/7/6 pw day. 

Materials e.g. Diesel oil, Mobil Oil, Petrol, Cotton 
Waste etc. 


Total 

(d) Recurring expenses of Tandem Roller. 

Hire charges for 11 days © Rs. S/io/- per diem 
inclusive of pay o! driver, chowkidar etc. 

Materials e.g. Petrol, Kerosine Oil etc. 

Total 

(e) Sttndries e.g. mats etc. for patch repairs. 

TOTAL OF (0), (6), (c), (d) AND (e)=:Rs. 1071/2/- Say 


. . 30 o o 

. . 36 o o 

. . 780 

5 10 o 

. . 60 0 0 

.. 139 2 o 


.. 6x 14 0 
. . 60 o o 

.. I2I 14 O 
.. 80 o o 

1071 0 0 


Therefore, rate for 4 inches depth— Rs. 8/11/- per hundred square feet. 


(2) Cos< of Treatment to a depth of 6 tnches. 

Length » 3255 feet. Width— 6 feet. 

Area=. 19,530 square feet. 


( 6 ) 


(0 


Materials. 

Cement 610 bags - 30 5 tons © Rs. 38/- per ton 
Departmental Labour. 

Mates =2 N0S.X16 days=32 @ •/ii/* per day 
Beldars =458 Nos. © -/y, 6 each. 

Mason for finishing IX 16 days =16 @ 1/8/- per day. 
Mason’s Beldar 1x16 =16 © -/y/fi per day. 

Bhisties for curing and applying water 

=.5x16—80 © •17/6 per day. 

Total. 


Recurring expenses of CaterpiMar. 

Hire charges - 16 days © Rs. 2 8/- per day. 

Driver's wages =16 days © Rs. 3'- '- per day. 

Assistant’s wages —16 days© -10- per day. 
Chowkidar’s wages for 16 days © .<7/6 per day. 

Materials, Diesel Oil etc. 


..1159 0 0 

. . 22 o o 
. . 2t4 IX o 
. . 24 o o 

• . 780 

»♦ 37 8 o 

.. 305 II o 


.. 40 o o 
. . 4$ o o 
. . 10 o o 

.. 780 

. . 80 o o 

..185 8 o 


Total. 
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(rf) Recurring Expenses of Tandem Roller. 

Hire charges including wages of driver and chowkidar 

=»i6days(S‘ Rs. 5/10/- .. .. 90 0 o 

JIaterials e g. Kerosine oil. Petrol etc. . . . . 80 o o 

Total . .170 o o" 

(e) Sundries. 

Materials for curing, patch repairs etc. .. .. joo o o 

TOTAL or (a), (J), fc), (rf) AND (e) .. ..I92O 3 O 

Therefore, rate for 6 inches depth =9^14/- per hundred square feet. 

The delegates then proceeded to Najafgarh to see the new rural 
road from Najafgarh to Delhi-Gurgaon Road via Basant. This uork 
was included m the Delhi ProWnce Rural Road Progranmie. 

General. The construction of new rural roads in Delhi Province 
is designed to open up the rural areas to an e.\*tent which has, perhaps, 
not been attempted m other parts of India. It is definitely believed 
that the correct treatment of a suburban rural area is to provide a 
really good system of communications nhich. coupled with widespread 
consolidation of holdings, should enable tlie people to take the fullest 
advantage of the urban markets lying witliin a few miles of their 
villages There is no doubt that the work so far done is greatly 
appreciated and that the further extensions to the rural road 
programme will be valuable not only from the economic but also from 
the administrative point of view. 

For the construction of the new rural roads, the labour has been 
draw’n largely from the surrouuding villages. The fact that the w’ork 
being done was entirely for their benefit was quickly appreci.nted by the 
men enip!o%ed and after n few weeks training they adapted themselves 
to the task, and offered the most willing co operation. With the 
exception of the construction of masonry ami concrete works, the entire 
scheme was carried out by local labour and thus their interest has been 
maintained throughout. 

The entire rural ro.ad programme vide Annex I opposite, has been 
financed from the Road Development Fund. Owing to the depression 
since 1932, ordinary revenues have suffered and large grants to local 
bodies, a feature of the previous decade, could not be made. The 
Road Fund c.ime, therefore, as a timely measure and the development 
of communications in Delhi Province is being financed from this fund. 

Land Acqutsilion. The new Roads have followed largely the 
alignment of the old District Board Roads (as noted below), tlie 
nomenclature of the estimates being **Rnising and iletalling” of old 
District Bo.ard Roads. 

1. N.ijafg.arh-Bahadiirgarb Road. 

s. Kanglot-Dliandasa Road via Najafgarh. 

3. Cliiragh Delhi Road. 






Serial 


Name of Rond. 


I.' Najafgarh-Bahadui- 
garh Road. 


2. Nangloi-Dhandasa 
Road t'td Najafgarl 


3. I Chiragh Delhi Road 


4. Maqbara Faik • Au 

chandi Road. 


5.* Najafgarh • Mebrau 
Road via Kapa Set 
and Mebpalpur. 


I Narela-Bawana 
' Gheora Road. 
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4. Maqbara Paik-Aucliandi Road. 

5. Najafgarh-Xrehrauli Road tia Kapa Seta and Sfebpalpar. 

6. Natela Bawana’Gheoia Road. 

The total width of land acquired vras So feet throughout except where 
the road pasfed through xitlages or where religions buildings came within 
the road width. The cost of acquisition varied with the nature of the 
land and this valuation was undertaken by the Land .Acquisition Collector. 
The earth for the embankment was dog from land temporarily acquired 
outside the permanent land width of the road In co-operation with the 
Anti-SIalaria and Health authorities, the niaxitnum depth of these borrow 
pits was restricteil to one foot. As soon as the bank was completed to 
the full height and section, the land temporarily acquired was handed over 
to the cultivators for ploughing. This resulted in its being levelled and 
obliterated the depressions or borrow pits so that no source of mosquito 
breeding remained. Wilb few exceptions, the rural roads constructed or 
under construction pass through cultivated areas The land on which 
crops stood was not touched until thev had been har\’ested and the bank 
m these reaches was built later. 

Mode of Con^intcUon The actual mode of construction of these 
rural roads is dealt with m detail later. Like most of India's roads they 
built of stone and ballast consolidated whilst wet, ("water- 
bound macadam” as it is technically termed). The foundation soling 
for the rural roads was Delhi Quartzite bard stone procured from approved 
quarries. The wearing -coat consisted of li-inch gauge ballast and W'as 
laid in two layers of 4i inches each, the second coat being laid several 
months after the first 

fbe bank had been consolidated with a heavy roller (10 or 
surface graded longitudinally down the centre line with a 
undulations removed, the soling coat was spread It was 
e uiiy hand-packed, and the interstices filled in with smaller pieces of 
rnn tnatcrial. The soling was then rolled On the completion of the 
jjj JV^^bon of the soling, bunds about 12 inches in width and 6 inches 
metalfn constructed along each edge of the width to be 

. Ooofine the edges of the metal and prevent its spreading out- 

careful! • 7 °^ oonsohdation These bunds were made of damp clay, 
ohgned, and compressed with rammers to prevent an}’ escape of 

Che water used in, oDsolidJtion 

fill f of the metal was theu spread between these cl.iy 

Che camber of the template— the metal before spreading being 
careiuiiy freed from all extraneous matter The steam roller was thru 
passed over the whole surface dry starting from the edyr*. and Kiadiullv 
w-orkmg m towards the centre The balance of the metal w.is litn spread, 
where necessary, to correct the camber, after which the wh«>lc-. unfair 
kept thoroughly watered and the rolling commurd unifmmfv (ill (he 
surface was hard aud compact so that a light carl m nie m> llnple^^ll«n 


After thorough consolidation, the hUndmg m »leti 'H weie spicad on 
the surface. These were moormn and Injil. whiv.h weie r\cnlv spread 
and watered and rolled. The object of these l«hndini; mateiiaU U m fill 



the interstices between the metal and produce an even water-resisting 
surface. When complete, the surface was watered daily for 14 days and 
trafnc kept off the road. 

The earthen sides were then brought up to the required height, 
rammed and neatly finished off in straight lines at the junction with the 
metal and along the outer edge, with a slight outward slope. The earth 
for these berms was burrowed from the continuous side drains of the 
boundarj' of the road width and not from pits. 

All these rural roads were being treated with surface dressing. In 
Annexes II to V, brief descriptions of the materials used and their 
specifications are given. The firms carrying out the surface treatment 
supply all the tools and plant themselves. 

The side slopes of the embankment have been kept at i in 5 
throughout except where the bank was above five feet in height. This 
slope was adopted as it has pro\-ed safe for cart traffic, and all fear of 
overturning of bullock carts has been entirely obviated The height of 
the embankment with few exceptions, has been kept at two feet above 
the adjoining field levels This was necessary to prevent the inundation 
of the roads during the monsoon. The rain water now runs off the road 
into continuous storm nafer drain provided at the edge of the road 
boundaries, and flows to the nearest drainage cut. In the rare cuttings 
pucca brick pitched drains have been provided. Ktticha earth drains have 
been found from experience to be useless in such cases as the earth from 
the sides of the cutting drops back and blocks the drain and necessitates 
constant clearing and maintenance at much expense Pitched drains have 
also been provided where the road passes through villages. Culverts are 
built at suitable points, and the drainage from the village passes under 
these to Its previous outfall. The beds of such culverts are pitched and 
provided with a small cement plastered cunnette for sullage water. 

It has been observed in the past that the heavily laden traffic coming 
on to the main roads from the villages tends to damage the edges 
of the pucca road. To avoid this, in these rural roads the village 
road approaches were metalled within the road boundaries and a 
maximum gradient of one in 25 adopted. These metalled portions are of 
great help to the draught animals in drawing their loads up, on to the 
pucca road In cases where the road crosses irrigation channels or divides 
the fields of the Zemindars, syphons have been provided under the road- 
way. These are bmit of reinforced concrete “Hume’' pipes with masonrj’ 
chambers at each end, cement plastered inside. The diameter of the 
S)-phon depends on the dischage it is required to carry. The chambers 
are placed 40 feet apart where the embankment is not ver}* high, and the 
syphons are laid at an easy gradient. 

Rural Roads construcied. 

The roads which have been built from the Road Fund are detailed 
in Annex I facing page 260. All the roads are open to traffic but work on 
the second coat of metalling on the Xarela-Gheora Road has just been 
completed and surface dressing will now be taken in hand. From the 
statement, it will be seen that the average cost per mile varies due to 
the following causes:— 
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(а) Variation in the tendeied rales 

(б) Value of the land acqaired. 

(c) The number of bridges, culverts, and syphons necessary. 

In surface dressing these macadam roads, the first coat applied uas 
a peuetrative one. Specifications of the meterials used for this work 
will be found in Annexes II to VI, pages 268 to 270. 

On the plan of Delhi Province facing page 261, the roads reviewed 
in this note have been shown. The total milage of the roads completed 
and under construction is 67} miles. 

The following figures may be of some interest * — 

India as a whole has one mile of metalled road for every twelve 
square miles, or one mile for every 3200 acres under' cultivation In both 
these calculations urban roads have been excluded. 

Delhi Province, on the same basis, had, before this Rural Road 
Programme was started, one mile for every 1920 acres and with the roads 
now ready, has one mile for every 1215 acres, and on the completion of 
the whole scheme in 1947 the figure will be one mile for every 960 acres. 

These statistics show a very encouraging improvement, but even so, 
in the respect of her roads, India has far to go before she reaches the 
standard of Great Britain, which has at present one mile for every 135 
acres. 

Under the orders of the Chief Commissioner, the District Board 
Works in the Delhi Province were transferred to the Public Works 
Department in about June, 1938. Amongst these works, were the upkeep 
and maintenance of village earth roads 

The length of District Board earth roads is 47 miles 2 furlongs. 

Besides these, there are many miles of village approach roads. 

Inspections of these roads revealed that at all seasons of the year 
they were difficult for traffic and dunog the monsoon this difficulty was 
aggravated. The low level of the roads and the deep rutting caused by 
heavily laden carts made them streams during the rains and the traffic 
problem for the villagers was one not capable of easy solution. 

These difficulties have been lessened to a great e.xtent by the use of 
a -'CATERPILLAR DIESEL KO 10. AUTO PATROL MACHINE” 
This Machine was purchased at the beginning of the financial year r93g, at 
a cost of Rs. 18,022 -, by the District Board. The purchase was made 
through the Indian Stores Department. U was transferred to the Public 
Works Department for tlie maiatenance and upkeep of the District Board 
and village earth roads. 

The delegates saw the machine at work. 

Fatih Roads . — The tcndcnc^• of earth roads to develop a wavj or 
corrugated surface furnishes one of the most difficult problems that the 
engineer has to face When this Department took over the roads, it was 
found that the roadways had been alloweil to become deeply rutted and 
very wavv under the action of traffic. The surface bad, therefore, to be 
scarified and bladcd into proper sliape. 
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Generally speaking the term "Maintenance" refers to the work re- 
quired to preserve something in its original condition. Satisfactory 
maintenance of road surfaces, especially of the earth type, calls for 
smoothening operations at frequent intervals. This may be weekly or at 
more distant intervals depending upon the type of surface and the amount 
of tralTic. In this programme for the District Board roads, tlie operator 
was assigned a deSmte length of roads which he patrolled at regular 
intervals. 

Calerpillcir Aulo-Palrol — A brief description of the performance of 
this machine now follows. The Auto Patrol is a combination of tractor 
and grader. The advantage of the power controlled unit is that no great 
physical exertion IS needed to operate the various controls of the cutting 
blade (turning, lifting, tilting) and the scarifier fn all, the operator has 
before him five controls for the operation of the blade besides the usual 
controls for the engine gears, clutch, brake etc It is a fast machine and 
travels quickly from job to job. 

Under the cliassis of the machine, a cutting blade is fixed This is 
controlled by the operator and can be lifted and tilted at will to any 
angle within the range of the roacliine. With the engine located over 
the driving wheels, the operator has a clear view of the blade and the 
work being done The mechanical controls are simple, trouble free, 
positive and accurate in action. 

If the road material is packed too bard for t)ie blade to handle or 
the soil IS excessively hard, it can be loosened with tlie scarifier and then 
regraded and reshaped with the blade. Bnefiy the scarifier consists of a 
number of teeth fitted into a holder fixed at an angle so that the points 
strike the surface obliquely. Its function is to tear up the hard surface 
prior to blading Tliis scarifier is fitted to the chassis of the machine, 
and the teeth are very important if they are to retain their cutting 
point foe a reasonable leiigtli of time, they must be made not only very 
hard but also very tough. They must neither bead nor break and, to 
fulfil these requirements, are made of special steel. 

— The establishment with the machine is one mechanic 
operator and a capable fitter cleaner The latter helps to clean and oil 
the machine daily for the operator who cannot be e.xpected to do this in 
addition to his ordinary work. Some extra beldars had to be engaged 
where very deep ruts were eiicouatcred, as these had to be filled with 
eartli, prior to the passage of the Auto Patrol. 

Cost of ti'orkittg Tlie machine commenced work on the 24th April, 

1939. The deUiiled expenditure from that date to the 31st March 1940, 
Jus been noted in Annex VII page 271. The machine was idle for lOo 
d.'iyfi in all. for overhauling, operator’s .absence on leave and on sundays. 
The machine worked for 241 day.s. The total milage of roads maintained 
was 324 miles t’lVi! Annex VIH page 272 Dividing the total expendi- 
ture for this period by the number of miles of roads inaiiitaincd, we 
get Rs. 105^- as the cost per mile ~a surprisingly low figure. It may 
be noted tliat this should not be taken as the best performance of the 
machine. The comparatively slow progress made in the first year was 
due to the very bad condition of the roads. It is hoped that better 
progress v\ ill be made during the current year. 
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Fuels and Lubricants , — The following 13 a list of fuels and lubricants 
which, used on the Auto Patrol, have given satisfaction . — 

Fuel •• .. High Speed Diesel Oil. 

Lubricating Oil .. .. Shell Ardol. 

For the engine, the firm recommends any good quality oil with a 
viscosity of S.A.E. 20. “Castrol Oil" was used. For the gears, Burmah 
Shell Oil was used. 

The two serious disadvantages which have been observed in the 
working of this machine are the absence in the equipment, as purchased, 
of means of 

(a) Consolidating the road. 

(b) Watering of the prepared surface. 

It is intended, when funds permit, to purchase the additional 
equipment. 

It has been found that unless there is a certain amount of moisture 
in the soil, the working of the machine produces a somewhat du«ty surface. 
There is a roller attachment which is a standard part and can be fittsd to 
the Auto Patrol itself in place of the blade Such a roller filled with 
water weighs about 33.10 pounds, but the ground pressure obtained when 
using it is equivalent to about 10,000 pounds on account of the downward 
pressure from the machine itself This would make for extremely good 
rolling. 

No standard watering attachment is manufactured, but one can be 
built locally An ordinary watering cart device can be attached to, and 
towed behind the Auto Patrol and water spiajed while the rolling is 
being done. With this, the dust nuisance would be over-come and better 
consolidation obtained in the earth roads, thereby considerably improving 
them. There is already an attacbmeot at the back of the machine for the 
toning of a water tank device. 

The delegates next inspected some experiments with Digboi bitumen 
to the following specifications. The matenalis straight bitumen supplied 
by Messrs. Burmah Shell Company and is an Indian product obtained 
in Assam. 


(i) Specijicatton ^or single coat Local Digboi Bitumen 6oj70. 

The work was started on 19-6-40 and completed on 20-6-40. 
The road surface was cleaned with soft biu«hes to remove the 
surface dust. It was then cleaned with wire brushes to loo«en the 
mud and moorura from the interstices upto a depth of J inch. The 
surface was then cleaned with soft brushes to remove the du't produced 
by the above operations. This was afterwards dusted by gunny bags and 
the edges of the road defined by means of i-inch thick rope loo feet 
long. Depressions on the road siexe made good by patching before the 
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comiuencement of work. On this cleaned surface, Digboi Bitumen, 60/70 
heated to 350 degrees Fahrenheit was applied by means of a spraying 
machine at the rate of 45 pounds per hundred square feet, and blinded 
over with 5J cubic feet of J-inch stone chips and rolled with a 
lo-ton steam road roller. After this operation the road was opened to 
traffic. 


(iV) Specification for double coat Local Digboi Bitumen, 6o[yo. 

The work was started orj 20-6-.^o and completed on 21.6-41. 
The road surface was cleaned nitb soft brushes to remove the 
surface dust. It was then cleaned with wire brushes so as to loosen 
the mud and moorum from the- Interstices to a depth of at least 
J-inch. Then the road surface was cleaned with soft brushes so as to 
remove the dust produced by the above operations. This was afterwards 
dusted by gunny bags and the edges of the road defined by means of 
j-inch thick rope 100 feet long. Depressions on the road were made good 
by patching before commencement of the work. On this clean surface, 
Digboi Bitumen 60/70 heated to 350 degrees Fahrenheit at 35 pounds per 
hundred square feet was applied with a spraying machine and blinded with 
3i cubic feet per hundred square feet of fine l-incb bard blue stone 
ballast in the first coat, and rolled with a lo-ton steam road roller. After 
this, the entire painted surface was again thoroughly cleaned and all sur* 
plus loose material and dust etc. removed. 

The painted surface was again treated with hot Digboi Bitumen 
heated to 350 degrees Fahrenheit at 20 pounds per hundred square feet 
This was applied with a spraying machine and blinded with g-inch Delhi 

r.. .1.! *t.« 2 cubic feet per hundred square feet for the 

t lo-ton steam road roller. The road was 


(»»») specification for single coat Local Digboi Bitumen Sofioo. 

The work was started on 22-6-40 and completed on 23-6-40. 
Specification and the procedure are the same as for (1) above except 
that Local Digboi Bitumen 80,100 was used instead of I/)cal Digboi 
Bitumen 60/70. 


(fV) specification for double coat Local Digboi Bitumen Sojxoo. 

The work was started on 23-6-40 and completed on 24-6-40. The 
spedfications and procedure are the same as for (iV) above except 
that Ivocal Digboi Bitumen 80/100 was used instead of Local Digboi 
Bitumen 60/70. 

A census of traffic to which these treatments have been subjected, 
was taken for a period of about one month. The results are attached. 
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TRAFFIC COUNT 


Milage : — Mile 24 '3 near Level Crossing on Melirauli-Najafgarli road. 
Nature of Road Surface ' — Painted with Digboi Bitumen. 

Width of Road Surface — 10 feet. 

Width of Tormation — 30 feet 


During 
hotirti ending 

iotfll Moizht in 

lUMS 

W’eiglit in Ions per 
>ard width of Inril 
surface 

Motor Dihcrs 

Total 

Motor 

Olliers 

Total 

25-11-40 

15-90 

27 20 

43-10 

477 

8 16 

12-93 

26-11-40 


1555 

64-75 

14-76 

466 

19-42 

27-11-40 


1050 

3295 

673 

315 

9-88 

28-11-40 

6S45 

18 70 

87 >5 

20-53 

561 

26 14 

29-11-40 

104 90 

1560 

120 50 

31-47 

4-68 

3615 

30-11-40 

50 20 

44*00 

9420 

15-06 

13-20 

28 26 

1-12-40 

28-05 

1070 

3875 

8 41 

321 

11 62 

2-12-40 

63-80 

14 70 

8050 

19*74 

4-41 

24 15 

3-12-40 

34'8 o 

16 85 

5165 

1044 

505 

1549 

4-12-40 

28 00 

1635 

44*35 

8 40 

490 

1330 

5-18-40 

1390 

35-65 

49*55 

4-17 

10 69 

14 86 

6-12-40 

27'55 

1500 

42 55 

8 26 

4*50 

1276 

7-12-42 

21-55 

13*95 

35*50 

6-47 

4'i8 

1065 

8-12-40 

31-60 

3655 

6815 

9-48 

10 07 

20 45 

9-12-40 

22-45 

630 

2875 

673 

1-89 

8 62 

10-12-40 

28-80 

32-90 

61 70 

864 

9-87 

18-51 

11-12-40 

2$ 60 

2605 

5465 

8-58 

7-81 

16-39 

12-12-40 

33'25 

4870 

8195 

997 

14-61 

24-5S 

13-12-40 

23-30 

18-30 

41-60 

6-99 

549 

12-48 

14-12-40 

24-S5 

i960 

44-45 

7-45 

5-58 

1303 

15-12-40 

21-70. 

23 70 

45*40 

651 

7-II 

13-62 

16-12.40 

12-25 

25 00 

37-25 

367 

750 

11-17 

17-12-40 

27-00 

40-45 

67-45 

8 10 

2-13 

20-13 

18-12-40 

16 50 

20-55 

3705 

4 95 

6-i6 

II 21 

19-12-40 


19-45 


1179 

583 

17-12 

20-12-40 


2830 

46-63 

5‘50 

8-49 

13-69 

Total for 26 dajs 

858-70 

600 60 

i459'30 

IQQI 

■Pi 

437-41 

Average per day 

33 03 

23 JO 

56-13 

9-91 

*>93 1 

16 84 
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ANNEX II. 

Specification for two coat paintino ^VITIT Buruaji Shele material. 


1. The road surface will be thoroughly cleaned of all dung, dust, 
etc. by swing wire brushes and country whips. 

Material to be used per hundred square feet : — 

2. First coat F. 70 or Shelspra @ 20 pounds. 

grit @ 2 cubic feet. 

Second coat Spramex @ 30 pounds. 

grit @ 4 cubic feet. 

3. The work to be rolled carefully with a power roller. 


ANNEX III. 

Double coat surface paintino : prisdno coat with Soconf 
Liquid Asphalt No. 2, and subsequent coat with 
SoconvHot Asphaltum. 

General — This specidcation covers the treatment of water*bound 
surfaces with a pritniug coat of Socooy Liquid Asphalt No. 2, and re> 
treatment with a subsequent coat of Socony Asphalt. 

Materials —The primer used shall be Socony Liquid Asphalt No. 2, 
which is a cutback Asphalt containing 70 per cent bitumen by weight, 
and is applied without beating. The subsequent paint coat shall be 
Socony Asphalt, Grade 104 or 105. 

The cover coat for the primer shall be Badarpur sand, stone chips 
passing sieve blinding the hot asphalt coat. 

Procedufe. — The surface to be treated must be in good condition, 
true to grade and camber. Any depressions shall be made good by 
patching before the commencement of work. .. 

The surface shall be thoroughly cleaned with wire brushes, bass 
brooms etc., and the interstices opened up to a depth of at least J inch. 

First Coat. — On the cleaned surface, Socony Liquid Asphalt No. 2, 
shall be applied at from 20 to 25 pounds per 100 square feet. This 
priming application shall preferably be allowed 24 hours to penetrate 
and shall afterwards be covered with Badarpur sand at 2 to 3 cubic feet 
per hundred square feet. No rolling is necessary and the road can then 
be opened to traffic. 

Second Coal. — After the priming coat has been under traffic for a 
period of at least seven days and not exceeding two months, the surface 
shall be cleaned of all surplus sand, loose materials etc., and given an 
application of Soconj' Asphalt, Grade 104 and 705, heated to 373 degrees 
Fahrenheit at 25 pounds per hundred square feet. This shall be blinded 
with stone chips to i") at from 3 to 3} cubic feet per hundred square 
feet, and after rolling shall be considered as complete and opened to traffic. 
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ANNEX IV. 


SpECITICATIONS for T^YO COAT PAINTING ON WATER-BOUND MACADAM 
( 1 ST PENETRATIVE COAT AND SECOND ORDINARY HOT 
PROCESS COAT) WITH SlIALIMAR TaR NO 2 


First Coat —The toad sutlace shall be cleaned with ordmar>- brooms 
or soft brushes v,ith long handles to remove the surface dust. It 
shall then be cleaned with wire brushes so as to loosen the mud 
and moorum from the interstices of the road. Then the suiface shall be 
cleaned with soft brushes so as to remove the dust produced iu the above 
operation. Finally the fine dust shall be removed with gunny bags 
When the surface has been thoroughly cleaned, the edges of the road shall 
be defined by means of \ inch thick ropes each 50 to lOO feet long. 
Shalimar Tar No 2, (heated to 200 to 220 degrees Fahrenheit) shall be ap- 
plied at the rate of 36 pounds per hundred square feet and blinded with 
stone chips at the rate of 3J cubic feet per hundred square feet (in two 
operations) Immediately after the chippings have been spread, the surface 
shall be rolled to set. 

The tiafiic shall be opened 24 hours after the work has been 
completed, 

Second Coal— Second coat shall be applied within 3 to 6 months 
after completion of the first coat (U depends on the census of the traffic). 
After cleaning the road sui' * . . — - 'Jq j, (heated 

to 200 to 220 degrees Fab e rate of 24 

pounds per hundred square ^ at the rate 

2j cubic feet per hundred square feet. Immediately after the chippings 
have been spread, the surface shall be rolled to set. 

The traffic shall be opened 24 hours after the work has been 
completed. 

Total material to be used per hundred sqttare feet. 

Shalimar Tar No. 2 .. .. 60 pounds. 

Stone chips. .. .. 6 cubic feet. 


ANNEX V. 

SPECIFICATIONS FOR PAINTING ROAD SURFACE COMPLETE WITH TWO 
COATS ON WATER-BOUND MACADAM (BOTH WITH HOT PROCESS). 


surface would be cleaned of all moorum and mud with 
Mre and broom brushes m order to expose the stone metal. 

2. When the surface is thoroughly dry and clean, Hotfix heated to 
300- r - - ■ . , ' _ . jjjg pound 

.... ■ ; ■ bic feet of J-inch st 

chip . 
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3. When sufTicient length of road has tints been treated, a “-c 
coat of Hotfix should be sprayed over at 20 pounds per hundred 
feet and topped with 2 1 cubic feet per hundred square feet of stone ch 
inch and downwards. 

Tlte surface should then be lightly rolled and the road opcric'i 
traffic. 


ANNKX VI. 

TWO COAT PAINTINQ ON WATER*nOUND MACADAM SUKKAOE 
(FIIIST rENKTHATIVE COAT AND THE OTHER 
ORDINAUV SURFACING COAT) 


Diliitnuls IVearitig Surface \-iiteh depth. 

Clean the surface of the roadway tborouglily. Fine material should 
be removed from the interstices of the base metal to a depth of at lea^-i 
f<lnch for a water<bouud macadam road. Patch any lioles or depression 
with crushed metal and BitumuU H. 


Sprinkle Hoad Surface with water. 

On the dampened surface, Spray Bitumuls H. 

Immediately after spraying, spread I — J-inch 
chips . . 

Wait I liour or longer, Dragbroom and roll 
lightly, Spray Bitumuls II* .. 

Immediately after spraying, spread j} — J-inch 
chips 

Wait I hour or longer, Dragbroom and roll 
to fiinish 


Per 100 square feet 
(S' 23 pounds. 

(■' 3‘5 cubic feet, 

(i 27 pounds. 

G-' 2‘0 cubic feet. 


Total materials per humlred square feel : — 

Blue Delhi Stone grit . . . 5‘5 cubic feet. 

Bitumuls H. .. .. .. 50 pounds. 


The above specification was followed in a portion of Jlile 12 
Najafgarh Uoad as an experimental measure in 1934 in the Provincial 
Division and has since been adopted on several road.<5 in tlie Central Public 
Works Depajtnient. This is an ideal specification for water*boimd roads 
on which there is heavy traffic. 
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ANNEX VII. 

STATE or EXPEKDITURn INCURUED ON RUNNING EXPENSES OE AUTO PATROL 
MACHINE DURING TUB PERIOD FROM 24*4-39 TO 3I-3-4O. 

(Al MATERIAL 


Serial Ko 1 

Description of malenal used. 

Quantity. 

Co«t 

HeinarLs. 




Rs. 


I 1 

Diesel Oil for high speed 





engines 

7gS gallons 

702 


2 

Mobil Oil Castrol C. 

20 gallons 

7.3 


3 

1 Shell Ardol 

90 gallons ) 

196 


4 

Kerosiue Oil 

24 gallons 

30 


5 

Petrol 

1 3 gallons i 

5 


6 

Grease 

1 64 pounds 

33 


7 

Cotton Waste 

47 pounds 

9 


8 

1 Country soap . . I 

39 bars 1 

1 3^ 


9 

1 Petty purchases . 1 

LS 

50 


10 

1 Sparking plugs . ! 

4 Nos 

9 


ZI 

1 Hand pump . i 

1 No. 

5 


12 

1 Gear uil a. O C. Burmab 





1 Shell 

1 90 sallons 1 175 




' 1317 1 



(B) ESTABUSHMENT. 


X Pay of Auto Patrol Driver, 

II months 

Rs. 

from 24-4-39 to 31-3*40 

& 7 days 

@ Rs. 90/- P M. - loii/- 

2 Pay of Asstt Operator, 

II months 


from 24*4*39 to 3X-3*4o 

& 7 days 

® Rs. 2o/- P.M. =225/- 

3. Pay of five beldars to work 



nith the machine 




II months 


5j<i4x( ir+-^L ) 
' 30 ' 

& 7 days 

ta Rs. 14/. P.M. -786/- 


Total expenditure for establishment » Rs. 2022/- 
TOTAL EXPENDITURE (A)+ (B) - I317 +2022 - Rs. 3339 

Say Rs. 3340'- 


Expenditure incurred on running and maintenance 

of Auto Patrol JIacliinc during 1939*40 . . .. Rs. 33^0 '. 

Number of miles dressed b\ the .^uto Patrol MachiDes=324 miles. 
EXPENDITURE INCURRED PER Of Rs. 10/5/- per mile 




273 


Appendix II 


ANNEX VIII. 


LIST or ROADS MAINTAINED BY THE AUTO PATROL SIACHINE DURING 

THE PERIOD FROM 24-4-39 TO 31-3-40. 


Serial 

No. 

Name of Roads dressed. 

Thnn.t. 

Approximate 
length of road 
in miles. 

Number of trips 
done on each 
road 

ll 

1- 

: 2 
' ^ 

I 

Mehrauli to Mehrauli Bund . . 

Mehrauli 

I 

I 

1 


2 

Jlehrauli Gurgaon Road to 







Gadipura . . 1 

Mehrauli 

3 

2 

6 


3 

JlehrauH Gurgaon Road to | 







Ghatorni .. , 

Mehrauli 

I 

1 

1 


4 

Mehrauli Gurgaon Road to i 







Yahyanagar . . | 

Mehrauli 


I 

13 


5 

Tughlakabad Hucamping ground 







to Khirkee 

Mehrauli 

2 

I 

2 


6 

Hauz Rani to Qutab Road via 







Begatnpur 

Mehrauli 

2 

I 

2 


7 

Hauz Khas to Muoirka village. . 

Mehrauli 

3 

I 

3 


8 

Tughlakabad Kalka Road 

Mehrauli 

5 

5 

25 


9 

Badarpur Jaitpura Road 

Mehrauli 

3i 

I 

1 .^3 


10 

Rangpuri village Road 

Mehrauli 

i! 

z 

li 


11 

Shatnalka Rajokci Road 

Mehrauli 


I 

2i 


12 

Delhi Gurgaon Road via Basant 







to Naogal Dewat 

' Mehrauli 

I 

1 

I 

1 

13 

Palam Railway Station to Kak- 







' raula bndge 

Mehrauli 

5 

3 

15 


14 

Najafgarh to Kichaun Kalan 







village 

Najafgarh 

1 1 

i 

ii 


15 

Najafgarh to Piodwala Kalan 







via Paprawat 

Naiafparh 

5 

2 

10 


i 6 

Najafgarh to Dhasa Road to 







Mundbels and Kair 

Naiafearh 

4 

I 

4 


17 

Najafgarh to Ujwa village Kil- 







kapur Roata and Jbantikra . . 

Najafgarh 

9 

3 

27 


18 

Nangal Raya Palam Road 

Najafgarh 

2 

I 

2 


19 

Shabdra Loni Road 

Shahdra 

4 

I 

4 


20 

Shahdra Gbonda via Batarpur. . 

SbabUra 

4 

I 

4 


21 

Gbonda to Jumna Bridge 

Sbabdra 

2 

I 

2 


22 

*7 * ' ’7’ ” ‘ 

Shahdra 

5 

2 

10 - 




Shahdra 

4 

I 

4 




Narela 

5 

I 

5 


25 

Narela Khankboda Road 

Narela 

4 

I 

4 


26 

Naugli Poona Kbera Kalan & 







Khurd 

Narela 

4 

i 

4 


27 

Kbera Khurd to Hulimbi Khurd 

Narela 

2 

i 

2 


28 

Barwala village to Kbera Khurd 

[ Narela 

3 

I 

3 


29 

Auchaudl Road tail to Mang- 







ashpur 

Narela 

1 

2 

1 

2 
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Name o( Roads dressed. 


Daryapur Kalan to Nangal 
Thakran 

Mangesbpur to Jaunti village . . 
Nangloi Pembari Bridge Road-- 
Mundka Rani, Kbera and Rarela 
Pembari bridge to Punjab Khera 
Gbeora Bawana Road . . i 

Tikri Ralan, Jbarauda Kalan I 
Kbair 

Approach road to Tekhand vil- 
lage 

Approach road to village All .. 

I. M Deoli .. 
Mehrauli Dera Mandl Road upto 
Punjab Boundry 
Approach road to Fatwarkhaoa 
Mebpalpur 

Approach road to Patwarkbana 
Kotla Mubarikpur 
Approach road to Cemetery at 
Alipur 

Approach road to Dispensary at 
Ojwa from Qasipur 
Approach road from Dhasa road 
Approach road from Mittroan 
mile 20/2 

Approach road to Cemetery at 
Patpargunj 

Approach road to Deoli Bund to 
Tugblakabad 

Approach road to Khera Khurd 
Cbawla to Qazipur, Isapur 
Pmdwala Khurd to Pindnala 
Kalan 

Narela Mandi to Hali-Rafiam 
High School 
Alipur to Narela Mandi 
Pindwala Kalan to Shabpur nb 
lage 

Mebpalpur to Rangpuri 
Mchram Nagar to Jlfebpalpur 
Old pucca bund 
Doonda Ileri to Ra jkort 
Kapa Sera to Rajkori 
Palam road Tihar Bund 
Mehrauli Pali road upto Asnla 
Bund 


Number of trips 
done on each 
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APPENDIX in. 

A TALK ON SOIL STABILIZATION* 

BY 

S. R. MEHRA, ASSOC,M.INST.C.E., 

Executive Engineer, III Lahore Provincial Division, Lahore. 


I am very glad to have been ashed today to address a representative 
gatliering of Highway Engineers, on a subject which is not only going to 
occupy a very envious position m the science of Highway Engineering in 
the near future, but which has also given me personally, a great deal of 
anxious thought for over 3 years now- 

I have used the words ‘'anxious thought”, because every time I have 
tried to discuss the economic possibilities of soil stabilization with a 
Highway Engineer in this country, the engineer has given me the 
impression, that he is talking to me with his mind already made up 
that it is impossible to economically improve a soil for use on roads. 

There are many reasons, of course, for the existence of a general 
"bias’* against soil stabilization, if I might use tlie word 

Firstly, the idea is not only new but is also revolutionary in character 
and is therefore subject to the general opposition that such ideas 
naturally get 

The revolutionary nature of the idea lies m the fact, that whereas 
heretofore we have been considering the actual road crust os the essential 
feature of the road design, and the sub-grade or the natural soil has been 
considered in a very general and vague manner, if at all, in future, the 
entire design of a road will have to he governed principally by the nature 
of the sub-grade. 

Many failures of roads have in the past been attributed to poor 
workmanship and bad design of the pavement, although they were directly 
due to unsuitable sub-grades. It is the sub-grade, which is to ultimately 
catty the traflic loads. If the sub-grade is firm and capable of uniformly 
good behaviour in changing moisture conditions, a thin flexible pavement 
is all that is required over it. If, on the other hand, the sub-grade has a 
weak supporting power and is also subject to large volumetric changes with 
changing moisture conditions, it will probably be necessary to have a 
fairly strong, rigid pavement over it, something like a thick reinforced 
concrete slab with a definite "beam strength”. So that, before the nature 
or the thickness of the road crust can be determined, it is absolutely 
necessary to know what the sub-grade is going to be. 


Thi» talk wn« Riven by Mr. JlUhra at the New Delhi Town ITnll at 10-00 on 
-Mondaj. 87lh .Taniiarj . 10-11, atuli^ rcferrcrl toon page 25-1, Appendix 11, of this book. 
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The second reason for tliis bias is the complete failure of past 
experiments on soil stabilization. Experiments have in the past been carried 
out by individual engineers who, owing to msuflicient knowledge of the 
subject of soil science, liave had to depend entirely on the specifications 
given by the various firms manufacturing stabilizing materials In their 
efforts to boost their own materials, the firms seem'to have unwisely 
advocated the use of one kind of stabilizer indiscriminately for all kinds of 
soils, and their mam concern seems to have been not the improvement of 
the soil but the use of their products This short-sighted policy naturally 
resulted in the treatments being unnecessarily expensive, and also mvery 
discouraging failures. 

Thirdly, there is a general scare of the bullock cart in this country 
and the impression seems to be that so long as all bullock carts do not use 
pneumatic tyres (which is an impo«sibilityj, it is no use tryirg to improve 
the unmetatied road because no uninetaKed road oill stand bullock cart 
traffic. Whereas the bullock cart is certainly a menace to any kind of 
light pavement, the problem is not so hopeless as it is generally considered 
to be. 

To begin with, the intensity of the bullock cart traffic on the road has 
to be considered. On the one hand there may be only 5 to 10 bullock 
carts a day running on a road, on the other band there mav be as many 
as 500 or more on another road Whereas it may not be possible to 
improve tbe soil sufilcientlv to take up the heavier traffic, it may be 
worth while trying to do so for the lighter one Again, the bullock carts 
in all areas are not ifon-tyrei About go per cent of the bullock carts in 
most Punjab districts have wide wooden tyres and there seems to be an 
increasing tendency fo give up tbe iron tyre. 

Taking the above two points into consideration, it can be safely 
assumed, I think, that there is a large railage of roads immediately 
available, which if provided with cheap stabilized soil pavements, can 
withstand prevaiUng traffic, this milage will, of course, go on increasing as 
the agriculturist and the engineer get a better comprehension of their 
respective responsibilities m tbe solution of the problem, in course 
of time. 

Yet another reason for the bias IS the lack of a common code of 
practice for soil stabilization in this country and the general confusion 
which has been created in the minds of the road engineers by the various 
schools of thought. 

The only system of soil research which is both consistent and 
practicable is the one called The American System. This system is used, 
with modifications of course, to suit local reguirements. in all Western 
countries where soil science is the craze of the day I have been worLicg 
on this system myself for about five vears now. and it 11 mv pleasant 
duly today to try and convince jmu of what I have ju<t said a^ut this 
system. 

America was the first couatr>' many j'ears ago to start a . . 

study of soil and in 1924 on the creation of the Central Road Rv. ' 
Bureau, soil science was kept as one of its braoches. The .. 
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research was originalljr based mainlr on laborator)’ tests of the physical 
properties of the top soil. 

The Russian attempts to establish scientific principles for sub-grade 
investigations originated at a very much later date than the American 
ones. The Russians made use of American experiences and improved on 
their methods. It was in Russia where for the first time a systematic 
study was made of the intimate relations which exist between the soil, 
the physiographic character of the landscape and the climatic conditions. 
Present American research on soils lecognires this relationship. 

Independent soil research is now being \rigoronsly carried out, besides 
America and Russia, in England, Germany, Switrerland, Sweden, Xom-ay, 
Holland and Belgium, etc., where I was able to discuss soil stabilization 
problems at length, with soil physicists and soil engineers, both in the 
laboratories and out in the field, during my iS mcnlhs’ tour in 1936 and 
1937, and it is nniversally accepted that a soil must be studied both in 
the laboratory and in the field, before its behaviour under traffic can be 
antidpated to any degree of accuracy 

The time at my disposal being short, I shall today confine myself 
only to the technique of stabilized soil roads. 

According to the American system, a soil is a conglomerate of sand, 
silt and clay io much the same way as cement concrete is a conglomerate 
of shingle, sand and cement. A soil has its coarse material, its filler and 
its binder in much the same way as concrete, and the grading of the mix 
has an important eflect on the bebavioar of the soil 10 the same way as the 
grading of materials afiects the strength of concrete. 

The sand provides internal friction to the soil in the presence of 
moisture, the silt provides embedment of the sand grains and the clay 
provides cohesion in the dr>* weather. 

The very first thing to do when a soil road is to be improved, is to go 
ont at site and to travel along the road, making field investigations. The 
local people or preferably the old load coolies and mates, etc., should be 
closely questioned about the beha\aour nnder traffic in \-aryiog weather 
conditions in each "reach” where visual inspection shows a change of 
soil texture. If a "reach" is reported to behave kidly in the drj' weather 
but improves in the wet weather, the field conclusion is that it is rich in 
sand but deficient in binder clay. If on the other hand a reach behaves 
well in the dry weather but breaks down in the wet, it is too rich in clay 
and deficient in sand. A road which behaves badly both in the and 
the wet weather, consists of a soil which is predominant in cohestonless 
silt and is therefore deficient both in sand and binder clay. 

The next step would naturally be to look for the defident in^edients 
in the dose vidnity of the site. Pit sand or sand from the beds of imgatioa 
channels having a bed width of more than 10 feet, is generally smtable 
for soil stabilizattoa work. As regards clay, you will find many a time 
that your men will tell ycu that there is no possibility of getting any clay 
near this vicinity or that, but take it as a lip from a man who can claim 
to have a fairly wide experience in this matter, that those people should 
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□ot be taken at their word and that you should personally try and look for 
clay deposits. 

I Lave carried out detailed soil survey of over 700 miles of roads in 
the Punjab, but I have not come across a single mile of road where a clay 
deposit does not exist within economic distance. The largest distance I had 
to go for clay was 2 miles, which is not too much, considering that 
ordinarily only small quantities of clay are required to be added. 

Having collected samples in the field they are then brought down to 
the laboratory for analysis. The sample having been air-dried, is broken 
up into small fragments and a representative fraction taken out of it after 
mixing it up. This fraction is then pounded with a pestle and a mortar, 
taking care not to break any rock fragments. The pounded soil is then 
passed through a nest of sieves, consisting of Nos. 10, 40 and 200 A.S T.M. 
(American Society for Testing Materials) the shaking being done for about 
10 minutes or so. The material retained on the No 10 sieve is the coarse 
material, existing in the soil ; that retained on No. 40 sieve is coarse sand ; 
that retained on No. 200 sieve is fine sand ; and the material passing 
through the No. 200 sieve U a mixture of sUt and clay. 

So that, the sieve analysts gives us the percentages of coarse 
material, coarse sand and fine sand in the sample and also the total 
percentage of silt and clay. It Is only fine sand which goes to make up 
the soil mortar. This should be about 35 to 55 per cent of the total 
fraction passing through the No. 40 sieve. The coarse stuff goes to make 
up the grading of the granular material. 

Now for binder clay, there are various ways of separating the clay 
fraction from the mixture of silt and clay passing through No. 200 sieve. 
These methods are all very laborious but ignoring that fact, even if the 
exact percentage of clay in the soil sample is determined, it is incapable 
of giving by itself, an indication of its effect on the behaviour of the soil. 
Clay may exist in a soil in a completely dispersed state or in varying 
degrees of flocculation and as such unless the degree of flocculation is 
also known in addition to the total percentage of clay, its behaviour will 
be indeterminate Further, the binding properties of clay are also 
governed by the quality of clay and its own grading Thus the effect of a 
certain quantity of clay in a soil is governed by so many unknown factors 
that it would serve no useful purpose to find out the percentage of clay 
as such. 


The cohesive property of a soil or, in other words, the resultant 
effect of the quantity, the quality, the grading, and the degree of 
flocculation of the clay present in it is therefore determined from its pUsltctly 
index, which is the numerical difference between the liquid Itmtt and 
piailic limit of a soil, and represeuts the range of moisture contents, 
within which a soil retains its cobesiw properties 


The liquid limit and the pUstie limit of a soil are detenaioed by 
means of simple laboratory experiments which are described on page 3 (0) 
of my paper entitled “The u«e of Soil Stabilization in MctallM and 
Unmetalled Roads in India", read before the 5th Indian Roads Congress in 


/ 



For compaction of mixtures contaiaiag a fair proportion of granular 
materials, it is not necessary to use the Sheeps Foot Roller. The various 
steps in the construction of a stabilized soil crust are fully described in my 
paper entitled 'The use of Soil Stabilization in the Metalled and Unmetailed 
Roads in India H'* accepted for the present Indian Roads Congress 
It may be repeated, however, that the curing of the crust for a few days, 
and its final compaction under traffic, both to be under controlled moisture 
conditions, are extremely important and should be carefully done. 

As regards the maintenance of stabilized soil roads, a technique will 
have to be evolved from actual experience. So far it seems that it is 
necessary to give the crust a heavy sprinkling of water once a month, but 
unless several hundred miles of road have been maintained for several 
years, it w’ill not be possible to lay down any rules for maintenance of such 
roads. 


The use of hygroscopic chemicals for maintenance purposes is 
essentially a local problem. The use of calcium chloride is prohibitive due 
to Its high cost. As regards common salt or sodium chloride which is not 
hygroscopic by itself but has certain hygroscopic impurities, the chief one 
being magnesium chloride, it could be suitably used m places which do 
not suffer from long spells of dry non-humid weather. The action of 
common salt is that it forms a bard thin layer of crystals on the road 
surface and, as a result, the rate of evaporation of moisture from the road 
crust is considerably retarded. As it is now possible to obtain common 
salt free of duty, it is for consideration whether in places which are not 
very dry and where water is not easily available on the road side, common 
salt can be used economically for increasing the intervals between 
periodical waterings of the road. 

There is one aspect of unmetailed road construction, that 1 must 
touch upon before E go on to the economical possibilities of soil stabilization, 
namely, the presence of detrimental salts in the soil. By far, the 
most important of these salts is sodium sulphate which is generally 
recognizable from the loose and fluffy condition of the soil in which it 
exists. The theory of this detrimental action and the remedies proposed 
are dealt with fully in the reports of the Punjab Irrigation Research 
Institute, published in the special Soil Roads Number of the Indian Roadsf, 
in its April 1939 issue 

Before a soil is ever put on the road, it is very necessary to be sure 
that it does not contain detrimental quantities of sodium sulphate. For 
this, it is necessary to have a simple method of finding the approximate 
percentage of sodium sulphate in a soil, I do this in my laboratory, by 
what I call the Barium Chloride Method aud I find it very useful and 
simple Barium chloride reacts with sodium sulphate, forming a white 
precipitate of barium sulphate, the thickness of the precipitate depending 
on the quantity of sodium sulphate presentr The soil is shaken for a 
couple of hours with water, 100 c c. of water being added for every 
10 grams of soil and filtered out. Sufficient hariwtx chloride is then added 


• Pfinlcd in tho ProcccJings of the Indian Ronds Congre‘<s. Volume VIE, part 1. 
t Indian Roads N’o. XV, pages 5 to 43 
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to the filtrate to precipitate out all the sodium sulphate. The thickness 
of the precipitate is then compared with a series of precipitates produced 
with knottn quantities of sodium sulphate and kept in a series of test tubes, 
the percentage varying by *5 per cent from *5 to 5 per cent. By 
comparison of the precipitates, it is thus always possible to find the 
percentage of sodium sulphate present in a soil correct within o 25 per 
cent, which is all that is required for practical purposes. 

As regards the economic possibilities of soil stabilization, whereas 
heretofore, there has been only either the fair weather unmetalled road 
or the expensive metalled road, you could now have a series of roads of 
varying costs between the two extremes, all these roads being fit for use 
in all weathers The usefulness of this to the various local bodies whn 
cannot afford to construct metalled roads in lengths which are not heavily 
trafficked and yet which must be provided with all-weather roads, to 
enable the agriculturist to get his produce to the market as soon as 
possible, can better be imagined than described. 

The diagram attached gives an idea of the various kinds of crusts 
that can be used for different traffic conditions along with their 
approximate costs 

Another use of soil stabilization is on tbe unmetalled berms of 
metalled roads The bulk of our metalled milage has a metalled width 
of 9 to 12 feet, tbe rest of tbe formation being kachha, and with the 
increasing speeds of motor traffic, tbe over-taking or mossing of vehicles 
is becoming increasingly dangerous, both in the dry and tbe net weather. 
At a cost of about Ks. 90/* per foot mile, it is possible to provide a 
stabilized soil crust about 5 feet on each side of tbe metalled width fora 
small total cost of Rs. 900/- per mile, as against Rs JZ.ooo/- per mile for 
widening the metalling. A detailed description of this kind of work is 
given on pages 149 to 151 of my paper* entitled "Use of Soil Stabilization 
in tbe Metalled and Unmetailed Roads in India 12” accepted for the 
Seventh Indian Roads Congress, 1940, held at Delhi. 

Stabilized soil could also very economically be used as a foundation 
for metalled roads in place of ordinary brick soling, at about 25 per cent of 
its cost and could give much better distribution of load. 

Before I close, I am going to make what will appear at first to be a 
.itaggeiing statement. My feeling is that a stabilized soil road is not only 
many limes cheaper than tbe water-bound macadam road but also provides 
a better crust for suiface treatment than does tbe water-bound macadam, 
in as much as it is much less liable in course of time to tbe formation of 
local depressions and resulting unevenness of surface, than is the water- 
bound macadam. 

Tbe reason for this is obvious. In water-bound macadam, the 
crust depends for its strength on the interlocking of tbe adjoining pieces 
of broken stone. In course of time, under the vibration of traffic, the 
sharp corners of adjoining stones by nibbing against each other gradually 


• rroceeJing* of the ludun Hoid* Coagtew. Voloroe Vll, Tan 119 to 151. 



282 


Appendix III 


get worn and the crust being cellular and full of voids, the pieces of 
metal with worn rounded corners, start settling down to new figurations, 
which cause slight depressions on the surface Tliese depressions are in 
turn accentuated by virtue of the bumpiness tliev cause in the road. In 
the case of stabilized soil, on the other hand, the soil having been 
compacted at optimum moisture to the raa.timutn possible extent to start 
with and all pieces of granular material Laving a thin padding of soil 
round them, the phenomena of rubbing and consequent depression cannot 
possibly take place and the surface, therefore, ‘•tays comparativeh* much 
smoother. The day is therefore not far, when we shall replace our water- 
bound macadam entirely by stabilized soil. 

The surface treatment of stabilized soil is a fairly straightforward 
process, the only essential being the use of a tack coat of cold penetration 
ktumen or tar, over which the surfacing can be done in the ordinary way. 

Having already obtained two extensions through the kindness of the 
president, 1 am afraid I cannot enlarge upon the various aspects of soil 
stabilization as much as I should like to, but if in this short talk I have 
convinced some of you, geotlemeii, that the American System of soil 
, research, as applied to roads, is not just an empirical method but is a 
practical consistent system with a scientific background and that it is 
worth giving a second thought, I shall feel that I have bad a successful 
day. 


Before we go onto mv demonstration road under construction, to 
see the various stages in detail under actual execution. I would like you, 
gentlemen, to have a look at the cuttings taken out of my various 
experimental lengths, after these lengths have been under traffic for about 
a year Tbe traffic on one of the roads is as high as 1300 tons per 24 
Hours, consisting mainly of bullock carts and heavy motor trucks. 

I thank you for a very patient bearing. 
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